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Physlco-chemical methods of protsctin;,égainst

ionizing radlations T

2

The primary step whan a blologiczl system is exposed to ionizing
radiations 1s the utilizetion of the sbsorbed ensrgy in a chemical
reaction. Slincs the energy regiired to psroduce » blologilcal lesion
1s often vory smell and, morzovasr cince it 1s 1nitilally depositsd
uniformly throuzhout the irracdistsd matsrial, 1t would seem to be nec-
egsary that ths blologlcally 1mportant reaction is with a macromolscule.
The proportica of bilologlcally activs substancss of low molecular
welght (s.5. AVTWP. or glutathilons) which are changed by irradiation
with a fsw hundred roentgens is nogligzlbly small. W3 agsume therefore
that the observed leslon 1s the rzsult of the chamical change of come
vitel macromoleoules vressnt in very limitsd numbers (e.c. the D.N.A.
of the chroriosome threads),

Poater Alexander

Departrient of Chemistry, Impsrial Collsege of
Scisnc: and Technologzy, London.

In principle thars ars two gensrzl rmethods of protection:-

(a) A substance can be added which influences the conversion
of ths snergy taken up in such a way that lsss chamlcsel change occurs
in the "vital! macromoleculss.
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(b) Repalr by an sdded substancs of the damaga produced in ths
rmacromolacule lmmedliately aftur ths primary rsaction ond before any
irreversible change hesg occurred. Sincs successlive chemlical rsac-
tione of a moleculs activated by absorption of ionizing radiations
will ocour extremsly rapidly, ths protsctive substancs brinzing
about the repalr rmast bs present befors: thse irrediation.

Dals was the firat to demonstrete protection of ths first kind
in a sgystem where ths actlon of the lonizing radilations was indirect
(1.ce onergy absorbed in a solv:nt producas highly actlvatad molecules
which react with ths solute; in the case of watsr it h:s been clearly
¢stublished by Dainton, followlng upon the original sugzestion by
Rlsse, trat the reactivo spoclss ars fress radicols such as OH, HOZ'
and possibly H*). Add:zé substancss protected anzymes in dilute
aqueous solution by competins for the radicals formoed in the water
which brousht about inactivation.

The present papsr ruports en investigation on the changes
produced in a number of synthetic macromolecules undsr a varlety of
conditions when protoction by diffirent machanlsms was sncountered.
We hope to bo able to esteblish whet typs of compounds ars most
offsctive in providing protsction by the diffsrsnt mechanisms. It
may then become pogalble to deduce b; analozy the machanism of
protaction in virlous biolojslcal systems by comparing ths protectivs
action of a numbsr of substaencse in vivo with thelr activity in the
synthetlc systems.

Competition for frea radilcsls: In Dale's sxperimaents the
enzymes werc probably inzctivated by OH resdicels and the activity of
the protective agents 1n thess systers 1s thorefors determinsd by
thelr rsaction with OH radicals. g hevs found that the degradation
of polymethacrylic acid in diluts =queous solution by {-rays is due
to HOp radicals snd have cztudied ths protective actlon of about 150
compounds 1n thils system. These compounds protect by competin: for
HOp radicals and the protsctlve action ie ther:sfors » measurs of
reactivity with HO, radicals. In another gystem ws have studled
protection by oompgtition for QI radicals. The ordsr of effectiva-

noss of & serles of corpouncds ls not ths sam2 in the two systens.
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The activity of substsznces in Protecting mice against ths lothal
effacts of X-rays follows closcly ths H0o series and not the OH
sariza, We deduce that compatition for OH radicals plays an im-
portant part in tho protaction of mico.

Energy transfor: At first sizht 1t would appear that where
the actlon of the ionizing radlations is dirsct (1e8. the anergy 1s
absorbed by ths actual material undargoing changs), no protaction
1s posgiblae. According to this view, which is widsly hald, once
sufficisnt ¢nsrgy hes bezin absorbsd by a macronolaculs to undargo a
chenical changs the ¢nsuln;: rsaction cannot be preventad, Neverthe-
loss an experinant carrisd out by Svsdborg and Brohult fiftesn years
2,40 polntad to the possibility that direct action wss more compylax.
These worksre found that s very soecific dissociation of the glant
protain molscule haarioeyanin into two 9qual parts could be induced
by 1rradlation with . particliza, and tlat ths passage of one
A-particle anywhere through the moloculs was sufflciont to produco
this change. This indic-ted that dnsrgy absorbed in ons part of
the molecule could be transferr:d to thoss bonds responsible for
holding the two halves togathar, If ensrgy transfer of this kind
¢an occur, thsn protzction againat dirzct action is theoretically
possible.

Whils studying, in conjunction with a. Charlesby, ths
degradation of solid polymers (i.e, Whon tho action 1s "dirsct®)
we decided to test this pOssibllity by sdmixing emell gquantlties
of different chemicsl substancas with the solymers. We found that
& number of ths additivss exerted very merksd protection (l.e.
CPY¥RGEsed ths amount of degradation produced by s given doss of
irradiation). Detalled quantitative studiecs at pressant belng
carrled out by D. Toms Indicats thet ths protection occcurs by
transfar of onergy frowm the polymsr to the addsd substance.
Anothar way of lookin, at this dxperlisnt is to consider that tho
pressncs of the polymer potontistes thy decomposition of the
additive.

Thus although ths energy ls originally absorbsd uniformly
throughout the system, 1t becomes concsntrated in certaln points.
Energy transfer heas slso bean 8stablished in cther systems, and of
particular intsrest is ths case of co-polymers whare energy
absorbed by one component 1s passed along the rolacule to the other
constituent.

These experimsnts make it necessary to rs-evaluate the data
obtained for the sizes of the sensitive volumes of viruses and
onzymes from "target arsel calculations, since the chemical change
may not be confined entlirely to tha track of the lonizing particle.
¥o have also found that the degradatlon of both polyisobutylene angd
polymethyl-methacrylate ia sreater when the irradiation W1th,§-rays
is carried out st 70°C than at 189¢, A possible interpretation 1is
that energy transfer 1s sroroted by an increass in tempsrature and
that the absorbed énergy 1s therefore utilisad morae offlciently at
the higher temperaturs. Thls mechanism may also explain the
graater sensitivity to lonizing radiations at higher temperatures
which was found by Pollard and his colleagues for dry enzymes,

We belleve that the finding that 1t 1s possible to protect
agalnst "dirsct action" is orf great practical intersst since in
the cell nucleus vital macromolecules (e.z. nucleo-proteins) are
present In high concentrations and direct actlon must thererfore
contribute significantly to the total offact., The recent tendency
to interpret bilological action exclusively in terms of indireot
action is, we bellave, misguided slnoe the cell doss not ocorrespond
to the very dilute aqQueous solutlons studied by rediochemists. We
have found with water-soluble polymsrs that direct action plays a
predominant part at concentrations greater than 20%.
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Ropalr of dameged macromolscule: This type of protection was
found to occur when aqueons solutions of polyvinyl alcohol ware irra-
diated. In the aebssnce of oxyzen the molscule does not degrade but
crosslinks to zlve a stiff gal. Sons addad substancss, notably -SH
compounds, protect by ripairing the activatsd molscule beforse these
con Intaract to sive s polymer network.

Tha zsnsral reaction may be 1llustratod as follows:

f loss of P
(7”[(; > Ch*
{ Fydrozsn |
part of polymer polymer radical
molscule

this reaction is cormon bothi 1In "dire~t" and "indirsct! sction.

i |
P+ CH* —> ¢u, + P’
‘ £

protactive agents

The protectivs a.ent transfers s ydrogsn atom to reconstitute the
polymor nafors the polymsr redicul hrs had time to undergo furthsr
reactions such ns ocrosslinking.

in the prasssnce of oxygsn the polymsr radical will be con-

CPYRGHEt51 o a hishly unstablys psroxy radicsl which may dscomposs

leading

I + Op —2 100"
to main chaln breakdown. This dagradation can 1n principls be
pravented by ths protector as follows

I |
CHOO® + PH —> CHOOE <+ P’
l I

in thils wey the polynar is chanisd but dscomposition is provented
by the formatlion of z stable comdsound. Ns have no evidence which
indicates that protwction of this typs plays any part in biologlcal
systems.

Inactivation, par les rayons X, d'un agent transformant du pneumocoque

H. Ephrussi-Taylor et R. Latarist

Lo T.P. Sr qul confére au pneumocoque la rdsistancs b une
concentration de 2.10-9 da streptomycine, a été& inactivé en solution
aqusauss par des rayons X de 0,7-0,9 A. Lgs falts sulvants ont été
mis en évidence

(a) La courbe ds survie ast gxponentiells, mals présente uns
cassurs pour uns survie ds quslques pour csnt, dénotant uns
hétirogénéité. Cells-cl ne provient pas ds la présenca ds
particules A'ADN héréditairoment différentes des autrss: les
moléculss résistant h une trss forts doss n'induissnt pas chez 1ls
pneumocoque la formation de T.P. résistant. I1 s'aegit d'une
nétérogénéitd de la solution, asctuellement & 1'dtude.

(b) Le T.P. o3t axtrdmemsnt sensible aux esctlons indirectss
du ravonnsment. Tandis que l'extralt de levure a 1 protsge
compldtement las petlts bactériophages contrs 1'effat indirect, 11
faut utliliser une concentration dl'extralt de 10 % pour attelndre
une protection & peu prée complédte du T.P. contrs ces effets. Ce
falt est sans doute en relation avec l'absence de membrane protéique
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autour ds 1'ADN, ot aussi avac la forms filamentouss trds .
dissymétrique qui, pour un volume donné A'4ADN, offre uns tras
grands surfacs acceptrics sux radlcaux librss.,

(c) L'irradiestion 4tant provoqube dans les conditions d'effst
diract (notamant sur d-e solutlions congelédes), 1la courbe
d'inactivation a fourni pour ls polds moliculsirs du TvPe, una
valsur infirisurs on drale A 1,12 106. Dans cs calecul, les
Incsrtitudss 1ibos a1 sroupsment das lonisations ont 4t5 tros
diminuédes an irradiant cenjolntement cis petits bactériopha;as de
volure connu. '

(d) La préssnce d'oxygsne est sens inflazncs notebls sur
l'inactivation du T.P. S1 ocotts Insctivation n'est pas trop

¢loignds dans sa neture de co qu'on appzslle uns redio mutatlion
£énique, on peut concevoir quo celli-cl ssrailt ésalement indlffironto
& la préssnca d'oxygbna. Corrie les ruptures ds chromosomes lui

sont tras sensibles, on peut penser gu'ellss résultant de l'attsainto
primalirs ds substancws différantes ds 1' ADN. L'dtude ds l'effat
OXygdns pormsttralt «insi do dire si une altération génétique
consdcutive h 1'irradtution, r3sulte ou non - l'attointe primeirs

de 1'ancids nucléiqus.

Actlon présarvatrics vis & vls das rayons Y 13 cétones
CPYRGHT dérivées do polyphfncls

A. LACASSAGYE, J.F, DUPLAN, at N.P.sUU-1OT

Blen qus 1los polyphénols n'exercont en 26ndéral aucuns action
prévantivg contre lo mal dos rayons, cortalne ds lours dérivés tels
qué los cétonvs su sont rontrds douds d'actlvits. in continuation
de¢ nos recherches antérisuras (Lacassagne, Duplan et Buu-Hol,
Comptes rendus 1954/258/1279-81), toutes unv séris de composés nouvaaux
principalement dss cétones dérivdes du pyrogallol, dss naphtols, de
la pyrocatéchine ont 4t4 priparss et 6xpérimantés sur la sourls dans
le but ds définir lsas conflgurations chimiques qui fournissent des
dérivés actifs ot qui ralsntissent l'absorption de c9s corps da
telle sorts que leur action pr&ssrvatrics solt plus 6tendus dans lo
temps. Il a 6té observé que plusisurs ds aos cdtones sont actlves,
Pn particuller celles dirlvées du pyrogallol st aussi de 1lg
pyrocatéchine. Io 4-bbéhdnoylpyrogallol per exsmpls, possdds un
pouvolr protecteur durabls.
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15 NATUKs OF THE PAROXIDE-LIKZ SUBSTANC.S FORMSD IN MICE BY X~RAYS

VeJ. Horgan and J.3%t.L. Philpot

VWe have estimated oxidlzing matter in n-butanol extracts of
lethally irradiated mics (1000r of 250 kV X-rays) by an improved
anasroblc method using brillient cresyl blus reduced by a column of
cadmium f1lings. We have conflrmed our previous susplcions that
part of the oxidlssad matter 12 less reactive than tetralin hydroperox-
1de in that 1t falls to react appreclably in ten minutes st room
tempsraturs but reacts raplily at 100°C. Similarly slowly reacting
matter 13 present among autoxldation products of lsoprene. Ve think
therefore that it may be a 2ycll: or polymeric peroxids formsed by
1, 4 addition to conjugated double bands.

Reactivity studlss rn asatoxid: tion nsroducts of ethyl oleate,
linoleic acid, lecitnir a 1 mouse s:tracts made with and wlthout the

ald of radiation, have given complin=ted results which require much
further work.

ACTION OF RADIATIONS ON DK  .RUSZIS AND ENZYME3

Ernest C. Pc i'ard

CP\qQGF{TTh@ results of ths bombardment »f a variety of dry enzymsess with
deutsrons of varylng energies and fast alectrons indlcate that the
energy whlch is releasad by the fast charged particle 1s confinsd to
the molecule for an appraciable time, nnd thersfore the volume which
ghows a sensitlvity to radlation actlon 1s clearly relatsed to the

existence of an enoergy releass within tho molscular unilt.

In view of the fact that somc daductions regarding molscular

glze and shape can bse mede in this w , the bombardment of viruses
by radiations of the same character ::;ublas deductions regarding
thelr Internal structura to be mads. 4 sarles of effects have besen

lookad for in hacterial virusses in particular, and from the effects
of radlation action deductions regarding ths surface structure, the
internal structurs snd the thilcknoes of the mambrane surrounding
the Internal sffoctive part of o virus can be nade.




ACTION D~S RADIATIONS IONISANTES SUR LzS LIPIDES (RESUMé).

A.CHEVALLIZR et C.BURG

L'étude de 1'}nfluenge des radiations lonisantes sur les
1ipides est encors & son délut.

Les falts se rapportant B ltactlon "in vitro" se rdsument dans
la formastion de radicsux llbres dans le milleu contenant les
constlituants lipidiques, que ceux-cl solent en phasse lipidiqus con-
tinus, ou en phas:s squeuss sous forre de savons ou d'dmulsion. Css
radicaux libres donnsnt naissance & des réactions en chafne qui se mani-
fastint finalement »ar la production ds peroxydes, par 1la

conjugaison de doubles llalsons ou par d'autres transformations
moléculaires.

Le mécanisme préois des modifications que l'on pergoit n'est
pas ancore, & l'heure actualles, plainaomsnt dgfini. On ne connailt
pas, notarment, lea nature exacts des radicﬁux libres qul inter-
viennent, ni les types de réactions en chalne susceptibles de se
produire, en fonctlon des conditions exphrimentales (temp@rature,
surface, otc). On ne connalt pes les modes de désactivation, et

on 1g§ore les réactions que peuvent prevoquer les neroxydss
sux-mMemes.

pr¢q@g{rLas dommbes sont encors plus incarteines lorsqu'au lieu de
s'ddrasser a des constituants llpidiques dans un milisu pur, on

considere des cas complexes ou plusleurs constituants différents
80 trouvent an présence.

Dans ce dernlier cas, on psut toujours se demandsr quslle est
la part des Interactlions entre lss différsnts constltuants et lss
cheTnes de réactlion déclanchées par les radicaux formés par les
radiatione ionlsantes.

A.- BXPORIMANTATION "IN VITRO".

Les principaux résultats obtenus "in vitro" correspondant
aux expiriences sulvantes:

Dopuls longtamps déjé, on salt que l'lrradlatlon des gralsses
naturelles entralne l'apparition de phonomans d'oxydation.

Dans plusieurs laboratolres on a obtenu la formation de
peroxydes par lrradiation d'un grand nombre d'esters d'acldes gras
en phass lipidigue continue: 1linolédste, oléate, stdarate et
tristéarine, ot cecl, asussi blen, avec dugs falscoaux d'dlec-
trons qu'avec des rayons Y. La présonce de tocophérol diminue
d'ina fagon considérable la formation de ces peroxydes.

On a, d'autre part, 6tudié l'action des rayons X en présgnce
d'eau sur la conjugalson des doubles llalsons de ltaclde linolédique
oen milleu alecalin, Cette conjugalson des doubles lialsons
accompagne en géndral la formation de psroxydes, On obtlsnt un
rendomsnt ionique varlable suivant leg conditions expérimentalss,
mais toujours trds supérisur a l'gpité. Il faut remarguer qu'une
lrradlation, dans des condltions ldentigues, mais en l'abseqce
d'oxygdne, falt tomber le rendsment ionique de fagon consldérsable,
mottant en évidence le rdle important de l'oxygene dissout.

, , L'irradiation d'émulsion dg linogléate de méthyle dans l'eau
a 6té également 8tudide par la mGme méthods ot les résultats
obtenus ont 6té les mémes. ILa présence dans l'dmulsion de
certaines substances liposolubles: tocophérol, vitamine A,
vitamine D, 1inhibe, ou, pour le moins, freine d'une fagon impor-
tante, la conjugalson des doubles liasisons. On dolt en outre
remarquer que la présence dans la phase aqueuso de substances
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hydrosolubles, telle que 1la cystéine, ltacide ascorblque ou le gluta-
thion, diminue la conjugalson des cdoubles llatsons sous 1l'action

du rayonnerient X, ce qul sembleralt indiquer uns interaction )
possible entre la phase lipidique et les redlicaux libres formés dsans
la phase aguousc.

, _L'irradlation "in vitro" d2s phospholipidss n'a pas été tros
atudisc. On a constaté cepondant n: décomposition d=2 1la lbecithine
gous l'actlion dss rayons X.

Juant aux diffédrents stérols, 1le sont susceptibles d'stra
modifiés, par lss radiations ionisantes. Chacun d'entre aux
priscnta un cas d'espica,

L'action directe du rayonnumant X sur lcs vitamines lipo-
solublaes 23t trbs 4imparfeltoment connuo. Depuls longtemps déja
on avait constatd que 1l'irradiation pzr les dlectrons ot les rayons
entrafnait un blanchiement du beurre, c'est-n-dire une oxydation du
carothne . Par 1irradlsticn do la vitamlne A ot du carotene, dans
1'hexanc, on a obtonu une dustruction de ces doux produits avec un
rendemont ionlque ds 1l'ordre de l'unitd. . Par contre, l'irradiation
In vitro de vitamine dans le sang n'entraine pas une destruction
appréciable do cslls-~-ci. Lo rendement ionique, tres infériour a
1tunité, impliquo l'oxlstence dans 1le sang de substances protec-
trices. in cequl concarns le tocophérol =t le calciférol en
solution dans unas édmulsion de linoldate du méthyla dans l'sau, on
n'a pas ralevé de destruction apprbclabls de ces vitamines pour das
doses do rayons X de 1,000 r.

CPYRGHT
Be- EXPIRIMENTATION "IN VIVQO".

1) Q directs.

L'étuds des peroxyd?s formés 1n vivo dans le tissu adipeux
par le rayonnement X a 5té entreprise dans un cortaln nombre do
laboratolres, W l'aide de rdactions colorées trbs sensibles,
telle que la mbthods de DUBOULOZ % 1la thiofluorsschine ou la
méthode de GLAVIND et HARTIIAN. Los tayx ds pusroxydes obtonus
ont toujours &té trds falbles, tros inférlours sux taux obtenus
par Irradiation d'estors gras purs. Co falt s'oxplique aisément
si lton considdre la quantitd irportante do tocophdrol présente
dans l2 tilssu gralsseux.

Quant au tocophbrol lui-rmdms, l'irradiation ne somble pas
modifier sa concentration de fagon apprécilable.

2) Effets indirects.

Lipides totaux.- Coux-ci corrcspondsent an principe aux
modifications constatbes au niveau de dlversos Substances 1lipidi-
quas appartenant A un organisms vivant soumis ® l'actlon de
radiatlons lonlsantes, sans que l'on pulsse rapporter lss effets
constatés & une action directe des radlations.

Le taux global des graisses de l'organisrme n'est pas
rodifis d'une fagon importante par les rayons X. Pour tenir
compte do l'anoréxie consfcutive o 1'irradiation i1 oSt necessaire
de comgarer les variations du taux global des gralsses des animaux
irradiés h des témoins soumis au jegne. Dans ces conditions,
chez le rat, le pourcentage total de gralsse varle de la mbme
facon chez les témoins et chez les animaux irradids, au moins
pondant les premlers jours consbcutifs a 1'irradlation.

En ce qui concerge le taux total des acidss a8 hautement

désaturés, W trois ou quatre doubles lianisons, il reste re-
marquablement fixe, aussi blen chez los animaux 8implement au
Jeune, que chez les animaux irradiés.

A_RDP23-00423R001700




Résorption intestinale .- L'altération profonde de la

tnniqud Intestinale et 1 'anorsxle consbcutive ont falt penser pen-
dont longtemps que 1tirradiation provoqualt une dininutlion de
1tassinilation des gralssas. On a pu montrer qu'll tn'en 6talt
rien, en 6tudlant, au nlvaau dz 1ltintestin, la vitesse de rbsorption
d'acidgs gras a doublcs liaisons conjuguées dacelaples par gpectro-
photomdtris dans l'ultraviolet. on a également détormine lecs taux
des gralsses fécales, chez les anlmaux irradibs ot chez des témoins
recavant la méme guantité ds nourriturs que cclle absorbéo par les
animaux 1lrradids: on n'a pas constatd do diffdrence entro les doux
lots d'animaux.

Cependant, la vltosse de résorption intsstinale ds la vitanine
A alcool seralt plus rapide chaz 1se animeux irradiés que choz l2s
térioins .

Liplidas hépatiques.- Ltirraiiation antraine dos mcdifications
importantes du métabo%gsme hépai;quc, alnsi qus le montront des
oxpériences avsc lo P-° et 1la C*-. Capsndant, 1'administration
d'une dose uniquo d: rayons X n'entraine nas l'apparition de
stdatose caracteriséo. Ltaugmentation du teux de gralsses que
1t'on obsorvs dans cortalns cas paut sans doute 2tro rapportee a
unc stdatose du joline.

11 on cst tout autroment si on administro uno dose 1éthale
de rayons X par pstltes dosgs quotidisnnes. Dang ce cas, On
obtient une stdatosc saractirisfe, aussl blen histologiqus que
blochimlque .

10 métabolisme hapatique ds la vitamine A somble fortement
CPYB&¥1§rb6 par l'irradiation. Zn offet la vitamine A rbsorbés par
1tintestin, au llza de gtaccurmiler dans le fole cormoe chez les
t4molns, s'accurmule dans la carcasaz, sans douto dans 1e/tissu

adipoux, ot son mdtabolisme est consldérablement accélérd.

L'irradiation sntrains égalemont dos modificaticns du taux
do cholostdrol contanu dans le fole.

Lipldes sangulns.- Ia constitution 1llpidique du sarg est
fortement perturvée par l'actlon des radiations ionlsantes. Chez
le lapin, on ocbsgrvo, apres 1'administration de doso 1%thale, une
opalescence du sérurt. On o observé de rdme des variatlons du

rapport ch%m%gﬁ , chez lo rat ot ls cobayo. Ces variations dis-
paraisse% Oa%r Qeextraction du sérum a 1'3dther et le taux

ast ramend a la normals. D'apros des rochsrches
Lffectubes par ultracentrifugation, 11 sembleralt gue ltirradiation
entralne une accurmlation anormaly de certalnes classes de
lipoprotdines dans ls sang. L'opalescency constat3e choz le

lapin apros admlnlstration de doscs 1l3thales seralt due 2 la
présance de cortalnes de cas 1lipoprotéines

a
gio%u%?ne

Oon & relevd, aprds irradiatlon, ds2s modificetions de la
concentration du cholcstdérol, des phospholiplides et de 1la 1lipase
dans le plasma sanguln.

Znfin, sous l'influence du rayonnement on peut observer des
rmodifications de la constitutlon lipidique de certains organes ou
tissus. C'est ainsil que, notamment, on constate una perturbation
dans la nature des gralsses au niveau du cervoau et une altération

De tous ces faits, 11 n'est pas posasible de dire quels sont

ants lipidigues eux-rmémes . Il est probabla que, parmi eux, cortains
sont affect a_d'une maniere directe, d'autres par des voles plus ou
moins détournees.

caux formés dans la phase aqueusa. Ce probldme se complique encore
les agsociations nol

Apﬁ%@gg

) ns l'une ou l'autre 89.
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ceux qul sont dfs a une intervention du rayonnement sur les constitu~

de 1la synthése andogdne des acldes gras au niveau de 1la moells osseuse

, On peut penser que les influences indirectes, que des recharched
ultérilsures germettront de d&terminer, reldvent de l'action des radia
A}

falt que 1lss oonstltgants 1ipidigues daps les tissus peuvent, sulvant
culeires qufils présentent (1ipoprotéines), Btre
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nosslible mechanlism O ne

(\ % against lonizing radiation
\ . Eldjarn
Norsk Hydro's Instituts for 8 esaare he agla ad

Hospltal, Oslo, Norway.

(These investligations were carried out in collaboratlon

with B, Shapiro® and 0. Nygasard. The results will be

submitted for publication 1n Cancer Ressearch and
Biochemloal Journal.)

The possible mechanisms for ths protection against lonlzing radia-
tions afforded by SH-compounds were recently summarized by Patt (1).
He pointed out that the most likely explanations for the protective
affact of these compounds are: 1) capturs of radicals (or of some
oxidants formed during the irradietion), £2) reduction of the amount
of oxygen avallable in the tilssue, and hence of the production of
certain oxidants (HOy), and 3) protection or reactlivation of
sulphhydryl enzymes. However, several workers have clalimed that
cysteamine does not protect the tissues at the level of the "prinary
radlo-lesions". Thus, cysteaminc fails to reduce the x-ray-induced
mutations and tho male gorm cell death in mice (2). The protective
of fect should rather be dus to a stimulation of the regeneration
processass (3).

CPYRGHT If the protective effect occurs at the lovel of the "primary
radlo-lesions" 1t must in part be depending on the local concentra-
tion of the protective compound during the irradiation. In line
%1th this assumptlion we have determined the concentration of
oysteamine + cystamine (SS+SH) in various tissues 30 minutes after
subcutaneous administration of cystamine or cysteamine to rats

(8 mg/250 gn bogg wolight ). We have used cysteamine and cystamine
labelled with 8 (4) and 1solated the compounds (33+8H) from the
tissue samplos by means of carrier-teschnique.

Thirty minutss after the administration of the ocompounds the
relative concentration of SS+SH in a particular tissue 1s falrly
reproducible and independent of whether cysteamine or oystamine 1s
administered, If the concentration of SS+SH in serum is set at
unity, the values found for some other tissues are (averages from
4 oxperiments): thyroid 4.3, bone marrow 3.2, adrenals 1.9,
spleen 1.2, kidneys 1.2, liver 0.3, and testes o.l. These values
indicate that the part of the protection which may be asoribed to
local capture of radicals or oxidants formed by the irradiation
should be greatest in bone marrow, spleen and adrensls, l.e. in
organs which are known to essentially determine the radliosensitivity
of memmals. The low concentration found in testes may also explain
the fallure of cysteemine to reduce the x-ray induced mutation and
male germ cell death in mioe.

If cysteamino-oystamine protect tisaue by combining with actlve
radicals or oxidants formed by the ionizing redlation, we would
expect cartain producta of the compounds to be formed. We have
investigated the radlo-chsmical transformations of cysteamine and
oystamina in agueous solutions to oheok thls hypothesis. In this
work we have combined the use of heavily sulphur-labelled oysteamine
and cystamine (0.2 mo./mg) and analgaea by paper ohromatograghy.

- his teschnique snabled us to work with oysteamine and cystamine 1n
- solutions of the samo concentration ss that present in tilssuss after
" the adminietration of protective doses of the compounds (1.4 107° M).
By measuring ths radic-activity on the paper ohromatograms we have
quagtitized the amounts of irradiation preducts formed (of the order
10°° to 1074 mg). As radiation sourcea were used a 0.5 ourie gobalt
source (Cof0), an x-ray machine {factors 175 kv., 10 ma. and
O¢5 mm copper fillter) and also the gemma rays from a 31 mev. ad
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beam betatrons with an on-time of approximately 10 micro-seo. end an
off-time of 20 millisec.

Cystamine was formed by the ilrradlation of cysteamine at pH 3
and 5. The caloulated G-values for this transformatlion wers 4-6 and
12-20 respectively. The latter vaeluss are in good agresment with
those reported for ths oxidatlon of other mercaptans by ionizing
radlation (5).

The irradistion of cystsmine solutions produced three additional
products which wer: identlifled as oysteamine, 2-gmino-ethane-sulphinic
acid and taurine respectively. Our experiments further indlcated
that the production of the latter two compounds started as soon as
cystamine had been formed from oysteamine, i.6. oystamine was able to
caature radicals in the presence of cysteamine. However, 2-amincethane-
sulphinic acid and taurine are formed with low ionic ylelds, ths
G-values at pH 7.4 being 0.8-1.1 and 0.6-1 respectively.

The formatlon of 2-aminoethane-sulphinic acld and taurine from
cystemine was measured under a number of different conditions. Keeping
the total dose constant, the factors varied were dose rate, ooncentra-
tion of cystamine, the sacidlty and the ionic composlition of the
selutlion, temperature, and quslity of radiaetion. Of these factors
only the acidity of the solution has a major effect on the yleld; the
maximum yleld was found at pH 7 to 8.

Basaed on & series of experiments in which the condltlons durlng
CPYR&¢prradiation were varled or OH and HO, radicals as well as 0 were
produced chemlcally, we have proposed a mechanlsm for the oxidation of
cystamine by ionizing radlation. The OH redical appears to be mainly
responsible for the formation of 2-amlnoethan:-sulphinic aoid, while
H-O, seems to produce the greater part of the taurine. The HO
rédTcal most probably reduces cystamine to cysteamins with simu%taneous
production of a cysteamine-S radloal and molacular oxygeh.

The results so far reported, demonstrate that certaln products are
formed when cysteamine solutions are 1rradlated at concentration. pH,
and temperature comparable to what are obtained in the animel after the
administration of a protective dose. If wo could further demonstrate
that the same products are actually formed in vivo upon irradiation of
a cysteamine-protected animal, this would provide strong evidence that
the capture of radicals 1s in fact an important mechanism by which
cysteamine 1s able to protect the animal organism. Our analyticeal
techniques should permit the study of this very important question.

In preliminary experiments solutions of 1 mg of radioactive
cystamine in 1 ml of human serum were irradiated with 800 000 r. We
have been eble to demonstrate that 2-aminoethane-sulphinic acid and
teurine are actually formed in this blologlcal system, although the
yield of the product were only about 4 per ocent of what obtained 1in
pure wster. Howaver, there was a consilderable inorease 1n the
retention of radioactivity at the starting line of ths chromatograms
when the irradiasted samples were run. The reason for this retention
i1s under investlgation. If we assume that this radloactivity
represents 2-aminoethane-sulphinic acid adsorbed to proteins, the
yileld of 2-aminoethane-sulphinic acid + taurine would be 40 to 50 per
oent of what obtalned in pure water. A yiald of thls order would
mean that 40 to 50 per cent of the active radlcals or oxidants formed
were oaptursd. This would provide a llkely explanation why .
oysteamine-cystamine under similar conditions i ylvo are able to
irorease the LD (30 days) dose in mice from 700 r. to 1300 r.
total body 1rra&99tion. o ‘ S

© The results presented above show that the : rotective effect of
oysteanine n?a;natiirradigtion in glyg oould well be explained on_gt;e

to captur e radigal oxidants

basis of the




the irradiation. The possibility of an additional effect through
the blocking or restoration of SH-groups on vital proteins is not
at all unlikely. The relatively largg amounts of radloactivity
bound by the proteins when cystanine-895% was irradiated in serum
maey be due to the formation of dlsulphides between cysteamine and
SH-groups of the serum proteins. Loss likely 13 an effect through
CPY¥R@HAral lowering of the oxygen tension in the tiassues. Jome

of the contradiotory evidencos pressntsd 1n the literature may

consideration, Finally, there ars some findings which at present
do not fit into the general scheme, notably the effect of shielding
the liver during the irradiation period.
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NSCHANISM O MUTATION PRODUCTICN IN MICROORGANISHS

3

. LCAARRD 3, NIWCCHBI,
P Atomic Znsraoy of Canada Linited,
j Chs1l% Rlver, Ontario.

- i most orsunlsms the yield of mutstions risss linearly with
Incressin: %x-ray 4do3s wheru2e the corresponding respyongse te ultra-
viclst reschss wlfthesr & slatenu, or - »isk followad by 2 Azcline
fartnar irier- 928 in thoe doge. Streptenycss is sxcsptional
't ths dos:-ratation curvas for thz two sgants ars both non-
na2er, and both show thy peaked (or latsoa) trpe of raesponse
fzoonding on the conditlone of the -, .rinent) which is norrally
crosintad wilth ultroviolot, This 12l less of th capaclitr of
¢ ocell sagpsnsien for induesd rmtation ccald bas duz sither to an
mmtoresllular (c2l:~tlon) ¢ifuct, or Lo th a~turotion or Irpairment
ol soma a332ntially intracsllular ros ons .. “matavuer the factors
involved, scms at Llwost rmist be corv:cr, for both agents, sinco ths
2Ufsct of combined trootnint with lonizins radiation and nltraviolost
i~ lz2es than adiitiv

The loss 1s r2letiv:ly lon:-1iv:d sines, in x-ray froctiona-
tion wsvgorimznts, irradlatsd spors suspenzions snowsed no m2asiarabls
roturn tcward norral imtaticnal raejons: to ¢ s:cond exposure, 3ven
“fbor an siyht bear psriod of Incubticon in nesiam during which =
micloar division hed cceurrzd in the (:ooerent; surviving sporzs.

CPYRGHT A furthor sicilarity bhotwsen x-ray and aitraviolst rmtagencsis
1s founl 1In ths r soonsz of Straptomyces sporos .t diftsront timss

throuxwut £l flrst nuclasr dlvielcn ind ths subszquent divaloprmsnt
ef maltinuels tt: niyenllal stronds. H1th both ugents ths Hroportion
cf Inducsd mutants risss by a factor ¢ considercbly rors than two

when thsy majoelty o this sosorss hov ;oor2 bimicloats, and declinss
tronds hoving

v
3
]

r-.idly s thisy o row inte rycelial = four or mors
nuclai., Undsr »:rtain soniitions ti. 1usl valus 1s vary low. In
a typicel gxperi:.sit, with . conatant dosa of 8000 r of x-rays, the
proportion ol muteonts rils iros 20 .0 cent to a pea’r at 30 por

¢ont and dselines * 4 oger - unt;  and with 200 srzs por sq rm. of 2537

8 ultravielot t: . valuzs <. similar gxospt thet the Hoek 1s slightly

lowzr.

The associatien batw: n *hess changss in mtab. ity and the
various nuclsar statss moy soraops be fortuitious, but oo far ws havs

bosn unablz Lo ssparats the two. Thus, with incubesti -+ in salino
few of the sporss und:r:o nucloar division =nd the chrr.ctoristic
changes in rasponssy to x-rays froil to cccur. "lao, whors th: gsaline

contains tracss of nutrient some of ths zporss raain uninuclozte
while others grow Into rmltinicloats strands; under thess ceondltions
the charactoristic chanses In capacity for inducad rutation ocour but
ar: rsduced In magnlitudz. Thzt tho finnl dseclins 1in mutability in
such suspansions 1s a functlicn of the rmltinucleote atrands, and not
primarily of th> suspsnsion as & whecls, is shown by thy fact that
filtration through very fins filltar paspar (olthsr betfors or after
x-1irradiation), to romovs ths =trends and to leavs trs ungsrminated
spords, rssults in a 3-fold incrsass in proportion ol mutnnts (from
4.7 up to 15 poer csnt) thus partially rastoring ths initisl
sonsitivity.

The reslstanco of the rmltinuclsesats state to induced ritation
cannot be dus to sslsctive killing of strands contalnin, sutant
nuclel, sinco tha survlval In some exparinsnts approachas 100 per
cent with th: standard doses of ultraviolst and x-rays. Also thars
appears to bo a considsrabls physiologlcal control ovser tho
rmtability of ths stronds since, whon suspensions are prepared by
cthor than the standard procsdurs (continuous incubation wlth
froquent agltation), a diffsr:nt reshonses 1s ofton cbsoervad. Thus
with altsrnats lncubation end refrigeration undor conditions of
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tarction, susponslions woir s oblulnud which wury ceonalsbhontly sensi-
tvo Lo othi sate ooie scctlon oeof ltreviolst (30 por ooint rmtation
ot 00 sres hor osg oo ) wnlls roraminang inscensitivis o x-rov3 (4.5
per conit satation ot 3006 r, wnostly of soontansous origin). And
cthor cuspensicns, _rown andsr nor: n.arly aaszroblce conditions,

. sihivity to x-ray iotoo mtotion (34 5 cung
atants v b orogsnt surviveo 10,

Shic

N

Such physicle,iieal contrel o 1d s tho rosult of maclaa
solsctlion actin . andsr cortaln coriosleons to suppr.sc the induced

a
atant rmcle

35 sowgvse, anlass Lo, matations lu,lf 1 by thy two
st nr3 essunorilly *iiiarfwc “nd ther’ is nc oavi Jn*‘ 'f this,
thy dirsction o coloction would ve to b dotermiinzd darin- oa
liritud period busfor: the cells rocovsr (undor tro rd Vondi-

fo -
r. tn: Lr onsient
Lo o sorticonlar
vt ooy woll
Alvidnsl nuclsi.

i
Lions of growth zrovailin: zftor ipradi-tion) f
sffzects of thy oarticoler physinlﬁjinﬂl cstots 2
irreci tion. Altsrnatlively, ths iysioleic:l
influsncy e lixslihoed of induc.: - itation in

It sl Do notsd thet the - lt.rnts inLAD vonond refrigoar-
wtion alsce resiited in an ceeuarmloboo o of suonte \ matents

U

(risin; fror Cut 23r cant uy to < .o oound k‘x,L honrs of
ineabation) ni the frrtores walch rovintod 3 of X=-ray
Inducsd mutonts cenld ot vy Leun wourative g alnst thess. nhls
doss not ruls cut tho - o-szinility of sons vory cosplsy {ern of
Yé&% oo 83lsction, ot 4 owo o ld s simpler to sujyoo3: tihwh thiro
CP bThuino teliurenezs n e onpaeitlss of nueclel In 4ifiorant
physiclosicnl =uitsg, to ros.ond o Lthe mbagenic efluots of +h
varlous ~gents. If this waers trs 1t wenld be reasonabls to
suppode thitl the simllariti.s L ths act. ons of “-rays snd ultri-
violet invelvs latsr steps, nd the diffor:zncss zarlier stens, In

the chains of svents leadin, fo ratotion.

Ths rulcimiclents str ais have slsc ylzldzd iafeormation
rulasvant to ths interprotation of the ncen-lincar doss-matetirn
CUrV38. Saniplsa I'rom the sasdsnsion which was swsnsitive to x-r::

d rmataticn wore gxposesd to 8000 r and to twice this dose,

the per cent *mtunts with the twr dosag belng 34 and 39 respsctiva-

ly, with £0.1 ind 50.5 psr cent gurvival, (Tne >zr cornt mutants

ie in vnch ecasz bLaswd on approxle tsly 2700 ~cloniss from

1PPAu¢ vted stronds;  and &) stronds aver-gsd 8 nuclel each.) The
baanco of an =dditlve ratagenic offoct of thi two oxposures wns

glmiler to thut chssrved in the spores prilor to srowth, but ths

high surviv-l precludes the vossibillty that ths non-linsor rosponss

is duy to diffsrsntlal killin, of tho induced ~utant colls,.

Originally 1t w2s heoped that thess exupsrimonts wonld yisld
information ragarding the tlre of Induced wutrtlcens, Both x-ray
and ultravinlet indues? rmatstions hed cype-r:i to ba delayad untll
the timz ol zene rsplicaticn i Bscherichile coli, sincs irradiated
c3lls -av3e risgse to colonlss zictered for the inducsd changis even
whers o "doubls sasluction" ! nigue h~? been used in sn cttampt
to snsurs that sach colony curw fromw o single irradlated gens
comnlemcnt. Also, the mitagonic afrsets of ultraviolst 1n
Streptomycss had bsan found to bocome stable with raspact to light
onlv undzsr ~onditions [avourabls to nuclazr division {reported
slaowhore ). Howsver we hiavse not besn sblz to add to thas:
bzorvetions any ovidince of a critical perlod In ths nuclear
2ivision cycls durlng which rmtation night be takin: placs.
gsxcoptional s:nsitivity to inducsad mutatlon appsars to extend over
the whole of the blnucleate stzgs, and not just a part of it:; and
the fractionation sxpsriments show that nuclear division brings no
releoss frow an garllier saturation or ilmpairrmiont of the capaclty
for inducsd nutation. “hat wppsars to have been shown is a
striking physlclogical control over ssnsitivity to mutation, and
we ars now in ths process of dlscrimlnating betwoen the varlous
sxternal factors whilich mey be 1lnvolved.




Patholoygy of mles ilrrudiated aftsr intsction of
g rnercaiptoathylarins

by H.A; GER=BTZO0FY and Z.M. BACY

Thers is no doubt thot Amercaptosthylemine (cysteamine or
Bocaptan), injscted to wics bsfors : lathal irradizticen, confusrs an
cffective protaction. But the rich:nisri and cvan th: site of this
setion is not cliar =nd rmeins unknown. In what organs doss ths
protecticn appuar? And doss it protict ths ¢:11s thems2lvas or a
fretor necsssary to thsir r:gonzration?

In an attonst to obtaln 2n —nzvier to thess Qusstions, woa hove
studled thc lesicns in thre: rodlos . nsitive organs (splean, thymus
and intestinal oy ithsllur) and in t'w 1llv:r; thse irnortancs of
this organ in r.sonsr~ticn hos hiun strosssd by Mailsin and his co-
workers,

We havs covpired € 57 mict subisctsd to 700 v with or withoub
an injection of 3 mgr of cysta-mine Just L.rore ths irrafiation.
The deteilsd rssults ars publishod clzawhsr.. Only ths maln
obgzrvations will »2 discrib:id hirs.

For avery crgan 1listsd uoove, wo 2 ve sogured ths dagansration
dus to the primary action of X reye, 22 soyn 0 hours after 1lrr-odie-
tlon, =»nd the r::2narsticn obszrvid 3 to ~ o later.

CPYRGHEe3n. A. Degznsration, In th: lymph nud s of the splssn, ths
sprsad of nuclaar pyenosls 1s smeller in o lce troe-ted with cystaaminag
thsn 1In contrel animels, Tha r:lation batw::n the intzct surfocs
and ths totzl surface of the nodos is, in tho rean, 0,151 for un-
trzated mics ond 0,371 for trisatad mlcs. The diffsrsncs 1s quits
significatlivs,

3. Ruzoeneratlon. Four deyse -~fter Irrsdiation, pronotlc
nuclsar ara vary rars in trsatad anirxsls, bnt 5t11]1 numarous in soms
nodas of controls, In tha+~, elininztlon of tsgsnsrated cells -nd
regensration ars slower.

2. Thymus. A. Dageneraticn. Ths 2iffirance in sycnotic crans i3 not
sfgni%icative. Pycnosis ls waccslve 1n both srauns of rics.

B. Regensration. Count of mitosls for 10 microscopic
flslds gives 48 mitosls for coatrels and 60 for traated animals.,
But a statlstlc study of ths rosults shows that this diffsrsncs is
not significant.

Vo attribute tlw unzertaln action of Bzcapten on thyrme to ths
strong radio-ssnsitivity ot this organ.

3, Intsstine. A. Degoner.t.=n. Thers is no diffsrance buotwesn
traatsd and untraated nics.

B. Regenar.tion. The nurmbsr of mitotic nucleil is 61
for controls, 83 for trsated animals. Ths differencs 1s significant
and regeneration is mors intenss after an inlection of cysteanins.

4, Liver, In this organ, the losions are predominantly cytoplasmic.
Thelr Intenslty seoms to be rslatsd to tho riode of fixatlon of ths
tissus. "hen the livsr 1s fixed in formalln, thers 1s no diffsrence
betwaen trsated and untrested rilce: 6 hours after irradiation, the
cytoplasm of honatic coells shows a feow small vacuoles; 4 days later,
the vacuolar state i1s very pronounced. ‘Then 1t 1s fixed 1n formalin
and pleric acid, thore are marked diffsrsncas between traasted animals
and controls: 1in these, the vacuolar state is evident 6 hours after
irradiation and very pronounced 4 days later; 1in cysteamins injected
mice, the hepatic o0slls ssem to remaln normal.




4,

The vacuolar state of the cytoplasm suguscsted lipidic degensra-
tion. But an histochonical study showad that, if some lipids were
prssent 2t the vesinning of ths dagersration, they disappearad later
on. Ths l=ck of vscuolar dsgoneration in Becaptan injscted animals
“hsn ths liver is fixsd in » liquia containing pilcric acid riay be
ralatad to the foct that this ccld is 2n excellent fixation medium
for glycogzn. It is s02s1ibls that ths linkags batwasen glycogen
(z2nd other polyssccharids) snld orotsins is fragils in the liver of
irradiated anirals. ut this fragility is greatsr in controls than
in cysteanine troated ricss in thsse, picric fixation 1s sufficiant
to rmaintailn tho 2olysacchorids 1in ths cytoplasr., This obssrvation
connects cur study with soms bicchomical rissuarchss, particularly
those of Fishur.,

In conclusion, tlu lnjscticn of ﬁmaroaQtoathylamine befor: irrudia-
tion effscts a diruct protiction of liver and 3plsen. It has a
strong 2cczlarating action on Tzgeneration in splsan, intostin: and
probzbly thymus, Our obsoervations ar: in favour of the hypothsesis
that livspe is a rollossnsitive soarcs of rw:nsration factors and
that protsction o cystwamine 1s effsctive -t ths leval of soms
fuctors concernad with g8lycogsn matabolism.

Laboratory of Anatoriy and Laboratory of Pathology of Lisge University.

CPMRGHATLATIV: 20507 vaNgss oF JLRIOUS IONIZING IADIATIONS ON
CHROMOSOMZ BRIAKAGS IN TRADISCANTIA

J«3. Kirby-Smith

Biology Division, Oak Ridgs Nationel Laboratory, Ok Ridge, Tennessae

Pravious workl on the relatliva biological sffectlivensss (RB3)
of X rays of saversal energles, I.2-lav garm~ rays for Cobalt-50 and
high-ensrgy beta rays fron phesphorous-32, on Tradsscantia pollen
has basn extendsd to covar ths affscts of lowsT nergy 1 rays., Ad-
ditional studiss 1n which Traisccantia inflorgscencss ars uszd have
confirmed the rssults of the pollan irradiation, indicating that
madium-ansrgy Y rays in ths IO00-kv rangs ars approxlrataly twice as
effectiva as high-snergy garnma rays in the induction of chromosomal
aborretions. Invsstigations or the 2ffacts of fast nsutrons from s
cyclotron source on thasa matorinls have besn carrisd out and orsli-
minary rosults show an R33Z for one-hit braaks of 8 to 12 relative to
n3dium-enorgy X rays snd I6 to 25 relative to high-energy garma rays.
4t ths pressnt time only ons nsutron 8nergy spactrum with a broad
maximum in the I-Mev rangs has besn used.

Further work now in brogress wlth a bettser characterized
nsutron ensrgy spactrum 1s 9xp3ctzd to lead to e niors preclse figurs
for rslative blological affectivaness of neutrons.

I. J.8. Kirby-Suith and 0.S. Danlels, Genotics 38: 375-385, 1953,




BREAKAGE

S. H. Revell

(Chester Beatty Research Institute, Royal Cancer Hospital,
London, SM.3.)

A new Interpretation is suggested for "chromatid" ("post-split')
changes induced hy a dlepoxids and by lonlsing radiations.

It 1s proposed that sovoeral lines of evidence cnn he most
rationally Integrated in the hypothesls that this type of change
arlsss only at 1nter-assoclations between chromosome parts, and that
the aberration 1tself 1s always a chromatid exchange. Thase ex-
changes can be aither betwesn c2soclated psrts of different
chromosomes, to glve the various types of intorchromosomal absrration;
or betwsesn closoly nelighbourin; polnts on the samc chromosome
assoclated by a small loop, to ;ive various typss of trgchange,
including the two otherwlse irturproated as "chromatid" and "iso-
chromatid braesaks", It is thus naczssarily implied that the single
®reaks" seen at metaphase ars nct the comdonents by reunion of the
more complex abarrations, thet 12, the varlous 1Interchangses.

It i3 cloear that, if thoy are intsrurcted in thls way, the
observed mataphase changzss do not thems. iv:s constlitute evidence
that any broeaskags process 1s involved i thelr formetion. On the
othser hand, the technique employad (ths . ::lysis of tho conssquenc:ce
of the original change at the later st:zyg» - f metaphase) cannot
provido any Information on the actual prc 's; of exchange.
Thersforzs the exchange 1tself 1s, for tls .rssent, regarded quite
CPYR@BHT1cally as the unlt of structural chinge induced. Theroe are,

owover, othar reasons for taking thls viow. Such an event of
exchangoe occurs as & normel physiologlically determined process
during melosis, and appoars to be connected in some essential way
with the processes of chromosoms reproduction. It 1s therofore
proposed secondly thet the mstaphase changes induced by dlepoxide
and lonising radletlons may most rationally be regardsd as
heterologous oxchanges of the same nature. 8inee ths stages in
ths process of melotic chlasma formation which arse intermsdlato
bectwoon dsfinitive pachytons and diplotene ars unknown, it szems
Justifiablo o2t prasent to ccnsidor the lnduced sxchanges also as
empirical entitlos.

Effoct of irradlation on D.N.A,synthesis 1n regenerating rat liver

B.Z, Holmes and L.,K. Meo.

Department of Radiothorxpuutics. Unilversity of Cambridge.

It haos been noticed by many workers (notably by V. Euler and
Hevesy, Vermund, Barnum ot al and Polc and Howard) and confirmed
by ourselves that irradiation of a tissue in VIVO produces a 50%
reduction in D.N.A. synthesls which, after largoe doses (2000 -
9000 r), perslsts for hours or even days. Far grenter dosas ars
needed to rsduce tha synthesis to less than 50% of the normal.

Various theorles have boon advanced to explain this phenomenon.
It 1s hoped to producse data obtained from the irradiation of re-
gonsrating rat liver at different stages, which may lead to a
discussion of these theoriles. In some of the experiments double
labelling of the D.N.A. was used 1n order to make it possible to
consider the synthesis of the wholo molecule.
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. DNA SYNTHESIS IN BON: MARROW STUDIZD BY AUTORADIOGRAPHY

L.G. Lajtha and R. Olivor
Univorsity of Oxford.

The uptake of S2p orthophosphate, edenine-8-14g¢ and formats
l4g into desoxyribose nucleic acid by human bons marrow cells in
vitro has boon studied using a high resolution autoradiography
technique.

Cell suspensions from human bono marrows obtaeined by sternal
puncture wors cultursd in s liquid medium containing 80% fresh
human serum and 20% balancecd salt solution. The labelled compounds
wore addod to the culture msdium and the culturss ware incubated for
2-48 hours at 370¢, At the end of the culture psrlod smears wore
made, fixed in alcohol, hydrolyssd in N HC1 60°C, 6 min, and auto-
radlographs oropared using ths stripping film technique with
subsequent staining (after procsssing the autoradiographs ).
Differential counts and grain counts wers parformsd on tho gtained
autoradlographs.

The uptako of 32P and adeninc 140 tndicated that DNa
synthesis doss not ococur throughout the entirs intermitotic period
of the cells, but only for a limited time (12-15 hours) in the
gacond half of the intermitotic period, finishlng about 2-4 hours
before metaphase, The total cycle time for the average bone
marrow call was found to bs of the ordsr of 40-50 hours.

Irradiation of ths oculturss with 5,000r (140kV, 5ma, 1lmm Al
CPYRGEYr, 15 min) tmmodtatsly and completely inhibited DNA Synthesls
of thoss cells which were in the DNA synthetlc period during the
timo of irradilation. Cells in the first half of the intermitotic
cycle dasvsloped a latent damage: they could proceed to and enter
the DN.L synthutic stage, but dild not syntheslze more than 2-4 hours!
worth of DNA, and died off subsequontly,

The uptoke of formate 14C into DNA has shown the same radlo-
sensitivity as 52p or zdenino L14C, but whilo the two latter
compounds have not shown rmch sonsitivity to a folic acid antagonist
(aminopterin) the incorporatlon of formats 14¢C into DNA w s rmarkadly
inhibited by 0.5ug/ml arminopterin.

The observations sugge 3t that whils the process of assonbly
of DNA (from base-sugar-P04) 1s sensitive to irradiation it is not
sensltive to aminopterin, The 1ncorporation of formate into
purines and pyrimidinss, howsvsr, 1is inhibited by aminopterin.
This also suggosts that adonins i4C 1s mostly incorporated into
DNA as adenine, and not aftar previous decompositien to one carbon
compounds .

THE INFLUSNCE OF POST- RADIATION FACTORS ON &FFLCTS PRODUCED IN BARIEY

Lars Ehrenberyg
Institute of Organic Chemlstry and Blochemtistry, University of
Stockholm, Swedon .

It has sarlier boun demonstreted that differont kinds of damage
in barley plants (growth iInhibition, chromosoms aberrations, sterility,
mutation) depend on tha water conteant of the irradiated dormant sseds
in the casss of x~ and )’-rays. At hlgh water content the rodiation
sonsltivity 1s smaller, in a mamer probably connected with the higher
regpiration rate. In the casse of fast nsutron irradistion, no such
Influsnc: 1s at hand. L further enalysis of the 8ffoct has revealsd
a large plasticity of the moist sssds to post-radiation Influences:
When the sesds ara sown at a low tomporature (~ 12°0C.) the damagse 1is
far mors pronounced than at a higher temperaturs. This difference is
not observed when dried seeds aras treated simllarly.




ihen the sesds araz stored for some days a couple of weaks
betwsen irradiation end sowlng a rovers: influence of the tempera-
ture 1s obtained: the molst sewds develop = higher degres of damage
when stored at 25°C. as compared with 120¢. “Then drlsd sesds wsra
irradiated, a rwuch smaller zf{fect of storage tompsraturs is found.

hen the Irradiation i1s sarformed with fast neutrons, no
8ffect of gsrmination- and ssorazs temperaturs on ths dsvelopment
of damags 1s found.

Sur l'apparition, aprds, action d= HN2 - d'514ments pclynucléds dans
les groupements germinatifs de l'ovaire.

par P. Desalvs
(Lisge.)

L'ovaire de Lapins sougisa N 1'introductiog intraveineuse
d'une dons non mertells ds mithyl-bils (f -chlorosthyl) arnina, montre
dss altérations principalement loe-1is€s aux deux sxtrénités de la
chalnos do d5veloppement dos follicnles (stads primordisl P ot stads
préovulatolre G) ot ost sn outrs le sizge do la formaticn de nombraux
groupgs do typs plasmodial, constitués par dss ovocytes réunis a
1'interisur d'tune enveloppe folliculalre corrune
CPYRGHT . p; PN y

La pressnte otude est destinfe & preclser l'origins ds ces
formation et b ddterminor le rbls que peuvent jouer, a lour 3gard,
lss radioprotoctours chimigias.

THE RSLATION OF DOSL AND # ITOTIC STAG: oT TREATHMAINT TO
X-RAY INDUCZ0 STICXIN:S3 OF CHROMOSOMAS

J. Gordon Carlson and Nyra G.Harrington

Dopartrment of Zoology znd #ntomology, The Univarsity of
Tennesses, and Blology Division, Oak Ridge Nationel Laboratory

Grasshoppsr neuroblasts in hanglng-drop orepsrations ware X-rayed
pt known mitotic stages and exomined for evidencs of stickiness at
short Intervals of time following treatment. Stickiness 13 wmanifest
Ein the adhersncs of diffsrsent chromosomss (oclumping), as detected at
prometaphase, metaphass, and anaphsse, or in ths felilurs of sister
chromatids to separate normally at anaphssa. Of the nmitotic stages
studisd, nemely, very lats orophass, proriataphass, metaphasae, and
pnaphass, the sarlier the stage of ths c:11 at treatrant the smallsr
the dose needed to sroducs = givan effact. This diffsrent suscepti-
billty may be interpreted sither as rasulting from ths length of time
bva..lable for stickiness to devalop betwean treatment end obssrvation
br a8 a difforent degras of 83n8itivity of the chromosomes at differont
Btages of mitosig,




COMPLRISON O THE PHYSIOLOGIC.L R<320NS: T0 RLIILTICN 4ND 10
DLDICMIMSTIC CianiCil3

Leiie Zlson,
The Chastar Bsatty Rassarch Instituts, Ths Royal Ceancer
Hospital, London, S. 3

CPYRGHT The eff:cts of whole bedy X-irrsdiation on the body welght and
on ths blood of rats havs besn corprrad with ths affscts -sroduc:d by
two types of radiomimetic chamilczls. Ons of thess "Mylersn', lii-
direthansasulghonyloxybutans CH5.3020-(CHm)4-O.SO CH. producss little
tmiediate welght loss but can cause ~ d» ayed wa%;h drop at about

12 to 1+ dzys aftsr & singls dose. 1t nos 1ittle effect on the cl--
culating lymphocytes but produczs a stsady fall in ths noutrophils
(poly-orphs), which rs-ch 2 minirum at chout 14 dsys. Tz largsr
dogas producs a rasld f£all in erythrocytss ond olateslets after about
5 to 10 days corrasjonding with = gonsral hasmorrhagic state, and

the doloyaed waisht drop 1s alnost c:irtalinly the rcsalt of the snacmia
thmus oroducad. “i1th toxle desss dseth oceurs 2t ~beut 10 to 12 days
s ¢ risult of messive heamorrhaga. On the othsr nend the "nitrogen
cstord" Aspivetivs N-1u-41{2 chlorosthyl)p-amino-phonyly¥ butyric acld,
5«B00C-(Cip)z=CpHe-N(CHp d2Cl )2 producys &an immoadints welgsat loss
lasting 2 to 3 days feollowad by racovary of nornal crowth rots. Its
cffsct cn tha blood 1s te scuse o ropld f21l In lynpshocytes to a
sinilimn at about 2 to 3 days followad by a graduel » -ov .Ty. Thcras
ig slso a rapid f211 in nsutrophile wilth e very rapli rocovary with
considarsble nsutrophilia at sbout 8 to 10 days qui-¥iy returning to
normxl. “1th toxic dosss death necrly always occurs during th
perilod of initial wolght loss.

Thus Mylsren shows mainly the mysloid effects of X radiation

wiilst the nitrcson mustard shows uainly tho lymphold effects. B
coabinatlon of squixl ~mounts of ths twe chenilcals (12.5 1mg/% « of
2ach) gave woight and blood sffucts srtracely gimilar to thcos
oroduced by a 38in,lo dese of 200 r “tiola body X-irrallotion.




STUDIES OW TWs MESCHANWISKH OF RADIATICN PROTACTION AND
RECOVARY WIT- CYSTIAMING AND i .JRC/ 214

Alzxander Hollaonézr ani C. O. Doudney

Blology Division, Oak Ridge National Laboratory
Ozk Ridgae, Tennesses.,

In comparing ths off:ctilvancss of P-nercaptoethylamine
(cysteoamineg ), and [ -sercaptosthanol (#C1) in protecting E. coll,
B/r, ngainst ¥ radistion, it was found that at 60,000 r cystdamine
r:ach:zs a high platcan leval of protsction at zbout 0.008 M whoreas
tho ICZ protsction curve flattens out ot a lowor lsvel whsn a con-
cantration of 0.1 M is re:sched. Cysteamine gives rumarkable
protsction against radlation up to 60,000 r {(dose reduction factor -
DRFF = 12). Al Inceoasing snergy »60 x 103 r, the protection falls
to 2 conslderably lower laval (DRF = 6). In contrast to thils, MCE
srotects uniformly with incroased snergy at a sormewhat lowoer level
than tho first compound (DRF = 8). The effilcacy of cysteamine in
protocting agalinst X-roy damags 1s roduced significantly by the
prasanca of phosphate =alts, a phsnomsnon which doss not occur with
MCZ; furthsrmors a significantly lowsr concentration of phosphate
28 conparsd to cystearine is requirsed for this effuct.

A solid ({agar) srowth medlum which contains yeast extract, beef
broth, or some other natural extract used after irradiation is neces-
sary to bring out the protection of cysteamine. However, a synthetlc
medium (inorganic salts, zlucose, glutamate, uracil, and guanine) can
CRYBEHErvs as an effective growth medium for cysteamine protected
bacteria, This is the same madium which promotes partlal recovery of
unprotected, irrzdiated E. colil (Stapleton et al.). A growth medium
conslsting of inorganic Fal®s, glucose, and agar which will support
growth of nonirradiated 3. goli willl susport, sparingly, growth of E.
coll irradlated in the sreséncs of cysteamine reducing the DRF from

to 2; whereas 5. coll irradimted 1n the oreseoncs of MCZ will grow
on this slnmple medilum rather well, changing the DRF only from 8 to
about 3. ‘When ke coli is irradiated in a phosphate buffer solution,
where reducad protection is obtained with cysteamins, the srowth re-
quirements are somewhat legs fastidlous.

Addlng MCC or other protsctive agants to cysteamine during
lrradiation at lsvsls below 60,000 r will not poroducs adfitional pro-
tection. However, at levels in excass of 50,000 r whers, as mention-
ed above, the eoffectivensss of cysteamins 1s reducsd, MCZ as woll ss
other protective agsnts, will add reedily to the protective abllity
of cysteamin=. The dirsct effect of irradliatlion iz not on the
cysteamine sincs cysteamine Irradlated with enargy levels of X ray
even up to 120 x 103, behaves for all practical purposes like non-
irradiated cysteamine.

To be presented at tne 2nd Annual Redioblolozy Confarence in Liege,
Balglum, August 30-31, Ssptwmber 1, 195:.

THS Z272CT OF RADIATION ON FROZIN TUMCUR CILLS

by
Ilse Lasnitzki
(Strangeways Research Laboratory, Cambridge.

It has becn shown that the radiatlon effect can be influenced
by the metabollc actlvity of irrasdlated biological objacts. In
tadpoles the radistion effect was dolaysd if the anlmals were chil-
led during and after exposure. (3psar and Glucksmann, 1939.)
Goldfeder (1951) comparing ths radilosensitivity of histologilcelly
similar mouse tumours found the rsdiation effect inoressed in those
showing a lower metabolic rate. As simllar result was obtalned
with the 337 tumour exposed as ascites and subcutaneous form
(Lasnitzki, 1953). For the ascltes form whlch according to Warburg
and Hiepler (1952) functions at vary low energy levels the MID was
found to be 1/5 of that for the solld sarcoma. Co




Approved For Release 1999/09/10 : CIA-RDP83-00423R001700160004-2

10.

In the present work the effect of radiation was compared on
tumours in the fresh and frozen state at which metabolic activity
should be at a standstill. The tumour used was thse Ehrlich ascitss
tumour which, as a rule, n»reserves its viabilitg if frozen and
stored at the temperaturs of dry 1lce, l1.e. - 79°,

Ascites fluid containin: the tumour cells was divided into
four equal batches two of which were frozan at - 79°. Of the re-~
maining two, one was irradlated in vitro at room temperature and
injacted subcutansously, the othsr was inoculazted without exposure
to serve as control. The frozen cells wers kapt at - 79° for 7
days one batch was then exposed, thawed and inoculated immediately
after exposurs, ths other thawed and injscted as control, In one
set of expsrimants gamma rays were usad and exposure took place at
room temperaturc, in another, x-rays werns used and the frozen cells
kept on dry ice during exposurs. In both experiments the dose weas
1500 r at 75 r/min. The radiztion effoct was measured by the number
of subcutaneous tumours obtalned from control end irradlated grafts.

The number of tumours obtained from fresh and frozen control
grafts is of ths sam3s order in both experiments, amounting to a
percentags taks of 80-90%. This indicates that ths viabillity of the
cells ramained unimpsired by fresezing alone. A comparison of the
percantaga of 1rredietod frosh and frezen implants shows that the
appearance of ftumours 1s delayed =nd thelr number significently
reduced in colls dorived from cells exposed 1 the frozsn state. In
the gomma ray expsriment lrradiated fresh cells produced tumours in
3%k of the mics two wocks following inoculation but none appeared in
CPYRGHTINjscted with frozen irradiated calls, At four wesks ths per-
contage take was 56% for irradiated fresh colls and 22% for irradiatsd
frozen c¢slls. 4t this time the tumour volums derived from irradiated
frozen cells was one fifth that from irradisted fresh cells. Cell
counts made in the growlng edge of tumours showsd that ths mitotic
rate was similar in both types of tumenrs but that ths proportion of
abnormal metz: and anaphases was incrsassd thresfold in tumours derived
from irrodiated frozen cells. In the x-ray experiment in which ths
frozen calls wsrs kent on dry ice durins evposurs a similar graater
effectivenzss of radiation on frozen =3:1ls was obtainsd, At two
wasks following inoculatlion ths taks was 22% for irradiated frash
calls and 10% for irradiatsd frozen ¢3lls, at four waeks 1t was 48%
for irradiatad frash cells and 18% for irradlated frozen cells.

o o) P

GLUCKSMANN, A., and SPIAR, F.G. Brit. J. Rsdiol, 1939, XII, 186,
GOLDFEDER, ANMA. Radiology, 1951, LVII, 8:5.
LASNITZKI, ILSE. Brit. J. Radiol, 1953, XXVII, 228.

WLRBURG, OTTO and HIEPLAR, ., Zeitschr. f. Naturforsch, 1952,
VIIb, 3, 103.

Chromosoue breaksge by di(2:3-spoxyoropyllother and by X-ravs
in Tradescantla roots.

G.R. Lanc.

Chromosome aberration inducsed by Ai(2:3-:s.oxypropyl) ether in
the root cells of Vicila faba occur largely in ths dsmonstrable
netorochromatin and ths reunion Iinvolved 1s betws:in chromatids, l.c.
chromatid resunion (R') and sister reunion (SR). The effect of this
substance and of X-rays on the meristematic c21ls of Tradescantla
roots is being tested. Thils metarial 1is sensitive t0 Hs
epoxypropyl)ather and after a psriod of mitotlc suppression consider-
able numbers of chromosoms breaks appear in spite of the lasck of
demonstrable hsterochromatin. Reunion appsars to be sntirely of the
R! and SR types in contrast to that followlng treatment with X-rays
when chromosome reunion (R") is frequent in tha root cells st the
same time interval after treatment. Study of the typses of aberration,
thelr frequency and location in this material has an important
bearing on thelr mode of induction.




INFLUENCE OF OXYGEN ON RADIATION DAMAGE TO MICROORGANISMS

H. Laser,
Molteno Institute, University of Cambridge.

A number of bacteris representing strict and facultative aerobes
end anasrobes, as well as some yeasts, were exposad to X-rays (190
Kvp, no_added filtration, dose rate 6500 r/min.) at doses from 6.5 to
65 x 107 r, Known cell concentrations of washed cells were irradis-
ted in phosphate buffer + glucosc in absence of any added growth-
promotlng substance. Durlng irradiation the liguid phase was either
free from dissolved Oo (the gas space containing N, or Hy) or 1t was
in oqullibrium with 05 of decreasing percontage (160% 055 20% or 5%
02/Ng). In some expériments with 20% and 5% Os the nitrogen was
replaced by carbon monoxide.

Immedlately after irradiation a known amount of cells was
transferred either into fresh buffer + glucose or into a nutrilent
medium in manomoter flasks and the rate of some metabolic processes
measured for up to 10 hours. These included: O uptake, CO
production, aerobic and anaerobic fermentation or acid produc%ion
and utilisation of Hy (vibrio desulphuricans). Under these con-
ditions the increase; for 8xamols, in 0o uptake or anaerobic
fermentation with time is proportional to ths increase of dry weight
of bacterla, 1l.e. 1t 15 a true reflection of growth, ’

Most irradiations were done with 6.5, 13.0 and 26.0 x 103 r
(1, 2 ¢nd 4 min. irradiation). The main results are as follows:

CPYRGHT. 0. uptake, COo production and anzerobic fermentation or acid
production wer: not significantly affected, when measured in washed
non growing cells. Aeroblec farmentatlion of baker's yeast was
slightly inhibited,

2. Growth inhibltion bscame apparent only after a lag period
which is the shorter, the higher the X-ray dose.

3. All growing cells showed an "QO.-offect" on irradiation. The
relative sensitivity for O,-troatod as Compared to No-treated cells
was approximately three-foid for soms co1lls (StuphylScoccus albus,
Lactobacillus Delbr#lckii). On the other hand a s%?IoEIy anaerobioc
organism (vibrio desulphuriczans) was unaffected by 6.5 x 10° r in Ny
but almost completely 1inhitited by the sams dosec in alr; and the

growth of vegetative forms from Spores of B. subtilis was only inhibited
after irradiation (26 x 10° r) in pressnce of Oy but not in No.

4+ In order to study whether the "0o-effect" is dependent on a
particular metabolic state of the cell or-a particular equilibrium of
an enzymic system involved in respiration, cells were irradiated in
presence of 0o whils their resplration was inhibited by resplratory
polsons. Thus, in the case of one bacterlium, namely Sarcina lutea,
1t has been possible at an X-ray doss of 26,000 r to aImost completely
Suppress the Op-effect, 1.8, tha cells, after removal of the polson,
behaved as if %hay had been irradiated in N_. The effective
inhibltors were CO, KCN, hydroxylamine and gzide. Urethane did not
abolish or diminish the "Og-efrect',

The implication of this result will be discussed. It 1s sug-
gosted that 1t favours the conclus’on that the "Op-effect" 1s due to a
reducing and not to an oxldizing agent,

A few experiments were also dons with irradlation of some
enzymes or enzymic systems, namely

a) glucose oxidase (notatin), irradiated + glucosey

b) Heart-muscle proparation (Kelilin & HarTree, (1),) irradiated
+ succinate:

¢) Muscle mitochondria.

In nelther case had irradiation up to 32,500 r (no higher dose was
tried) any effect on the rate of subsequént oxidation of glucose,
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succinate or &-ketoglutarate respectively; nor was there any
effect on oxidative phosphorylation by irradiated mitochondria.
The significance of these findings will also be brlefly discussed.

(1) Keilin, D and Hartree, E.F. (1947). Biochom. J. 41, 500.

CPYRGHT
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W’ Our studies were initiamted with the object of collecting inf

- reaotlon-syatems out side the nucleus. Since D.N.A. synthesis 1=z

- doss of 50 r, some | 4
“follioles, while in an dgcusl
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‘nation on the effeat of lonirzing radiation on metabolic processes in
the oytoplasma. It was postulated that the well-known interfsrence
with oell diviasion and D.N.A. synthesls which follows exposure to

ionizing radlation might well be the result of damege to biloohemioal

generally supposad to Dbe dependent on -energy generating processos
whioh ocour in the oytoplasme, the oxidstive phosphory ation of
mitochondria seemed to present the most obvious subjeot for investi-
gation.

. In preliminary experiments with mitochondrial preparations
from verious tissues, 1t wes found that spleen mitochondria showed a2
deoreased phosphate uptake after total body irradlatlon. Moat of
our subsequent work hes been carried out with rat spleen tlssue,
because of its radiosensitivity and its relative abundance per
animal. Qur experiments are usually performed at 4 hours or less
after total body irrsdiation, beocause after a larger interval the
struoctural changes in the spleen are 80 radiocal, that ths study of
biochemioal reactions in these altered tissues cannot in our
opinion be expected to throw much light on the mechanism of initisl
radlation injury.

CPYRGHT

A deoreass of oxidative phosphorylation of isolated spleen
mitoohondria following total body exposure to X-rays has now been
reported by several investlgators. In 1952 Potter and Bethel
(Fedsration Proc.,11,270.) described a deoreaas of phosphate uptake
by mitochondria isolated from rat splesn at 1 to 24 hours after
totel body irradistion with 800 r. Similar observetions were
reported shortly afterwards by ourselves (Trans. Farsday 800.49,
N0.363,19563), In these experiments rather large doses of
X-radietion, nemely 800 r armd 1100 r, were administered to rats and
spleen mitochondria were isolated 2,4 and 24 hours afterwards. In
addition to a diminished phosphate uptake, some decrease of oxygen
consumption was observed in most experiments, although the latter
effect has been generally of lower magnitude. Thus a decreass of
P/0 ratio's has been oonsistently found with aseveral subatrates.
Maxwell and Ashwell (Arch.Biloohem & Biophys.,42,389,1953) have pub-
lished oomperable results obtained with mitochondrial preparations
from mouse spleen at 1 to 7 days after a lethal dosse of totel body
X-irrediation.

After the effeot of large doses of total body irrediation had
been established, we have attempted to esssess the sensitivity of
oxidative phosphorylation to this type of injury. Furthermore our
atudles have been extended to mitochondria isolated from rat thyms.
The methods employed with spleen mitochondria have been dssoribed
previously (Brit.J.Radlol. 27,127,1954) and were applied with minor
modifications to the study of mitochondria from thymus. The ddats
obtained show that in the case of spleen mitochondria, oxygen uptake
is usually far leds af feoted than phosphorylation, while in the ocase
of thymus mitoohondria this difference 1s not 80 gubepaken, althcugh
P/0 ratio's are depressed after irradiation in moge—e PO

The minimal doses of radiation whioch are oapadle—oi—iRiusing—s
deaoregsed mitochondrial phosphérylation wers found to be between 50
and 100 r for both tissues. roscopionl examination of the
tissues used in thase experim ‘revenled extensive gsllular des-
trustion at 4 hours sfter the larger dasal ] tb}

o

damage 18 to be found
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In thymus slices only a small emount of nuclear fragmentation could
be observed at 4 hours after §0 r and many mitotic Figures were
present. After 100 r the signs of destruotion were more extensive,
although many espparently normal nuolel and a few mitotio figures
remained. From this 1t gppeers that the minimal doses of total
body irradiation required to produce morphological evidensa of
niolear damage and those necessary to elioit the biloochemical change
under discusaion do not differ widsly if at all.

In this oonnegtlon 1t 18 perhaps of interest to mention that -
we have not been eble to obassrve any interfersnce with the :
oxidative phosphorylation of mitochondria isolated under similar
oconditlons from the livera of irradiasted rats. Even doses of
6000 r administered to the liver region fail to produce an effeot
as obssrved in the case of spleen and thymus mitochondria. Theae
observations suggeat a relation between the lattor effeot and the
gadiosensitivity of the ocells from which the mitochondris are
erived.

The phenomenon has alsp bean observed with mitochondrial
preparstions from spleens which were exteriorized during irrsdie-
tlon while the rest.of the animal was being shielded. The
i depreasion of phoaphorylatin§ aotivity after total body
! irradiation is therefore et least for the greater part the result
of the action of the X-rays on the splean tissus itself.

In vitro 1lrradiation of isolated spleen mitochondria, both
CPYRGEre inactlve state at 0°C. and during incubation in the
prasence of substrate at 38°C., has uniformly ylelded negative
results, which 1s 1n accordance with observations of Potter et al.

The results obtalned with rat spleen do not allow an
evaluation of the radiosensitivity of the mitochondria in the
various hesematopoetic cells, sincs this organ contains beside
lymphoid elements, also variable quantitiss of erythropoiatio
and myslopoistic cells. Our observations on the thymue infer
thatmzie mitoohondria of lymphold cells are affected by total
body irradiation. In order to assess the sensitivity of '
mitochondria from erythropoietio cells in this respect, an in-
crease of the red ocell forming elsments in the spleen has besn
induced by exposure of the rais to intermittant hypoxis for a 3
to 4 day period. Mitochondrial suspensions prepared from the
spleens of these rate were found to exhibit much higher retes of
oxidetive phosphorglation, with a oconcomitant inocrease of P/0
ratio's %o nearly double the control values. This activity is
also severcly depressed after total body irradiation, which seems
to Justify the oconclusion that the phosphorylating activity of
mltochondria from erythroblastic cells 1s also sensitive to
irradlsation, _ P T T I
- ¥ The work so far summarized has been of a desoriptiva kind.

The significance of the disturbance of oxidative phosphorylation
with regard to the mechanism of radistion injury to the cell is
‘ not known.  Our resylts indicate, howaver, that the sitivity
‘of thies process to rsdiation is comparsble to that -
in the » tls g . ‘ :

Nt of oxidetive pho«aphorilﬂtiﬁn
suggestions that it might be

k-down whioh goours in spleen
radlation. - In 1942 Ashwell
Mod,, 80
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that this rise could bs best explalned by the premise that a
large amount of inert cellular meterial had been destroyed after
irradiation, whils the particular enzyme systems wers unaffascted.
More recently Dubols and Petsrsen (Amsr. J.Physlol., 178, 282,1954,)
showed that the inorease of ATP-ase activity could be observed in
rat splean and thymus homogenates even after total body irradiation
with doses as small as 25 - 100 » and thay suggast the possible
significance of thils effect with regard to the meilntenance of
snergy requiring reactions aftsr 1rrsdiation. Proviously it had
bosn pointed out by Mexwall ot al. that the increase of ATP-ase

é 1ty cannot be the cause of the deprossed phosphorylation of
CPYR n mitochondria, becauss ATP-ase sgctivity hed been blocked by
NaF in the system used for ths messursment of oxldative phos-
phorylation. In our opinion this argumznt could not be considered
satisfactorily because thse smount of Nap smployed by Maxwsll et al.
loaves a small part of ths ATP-ase actlivity uninhibited and we
found this rsmaining activity in homogsnates to ba proportional
to the valuos obtainad in the shsancs of NaF, A rore extensive
invastigation of ths possibls rols of ATP-ass 1n ths disturbsnco
of oxidative phosphorylation has thsrofor: bsan carrisd out.
The results which confirm ths conclusion of Maxwsll et al. nay
be summarized as follows:

(1) The incresss of ATP-ase activity of spleen homogenatss
1s not apparsnt within & few hours af ter irradistion, when the
dlsturbancs of oxidative phosphorylation of ths mitochondria is
alrsady wall developed.

(2) The ATP-ass ectivity of isolated spleen mitochondria
after total body irrsdlatlon has b4sn found to be normal, in ths
presencs of a ssver:ly impasired phozphorylating capacity of the
same proparatlons.

The rapldlity with which the deprassion of oxidativs
phosphorylation appears after irradiation reletive to other
blochemical changes 1s noteworthy. The decraase of anassroblc
glycolysls which has been duscribaed in mouss spleen homogoenatss
aftor total body irradiation by Hlckman and Ashwsll (J.Biol.
Chem., <05,851, 1953.) was found by us to appsar seversl hours
after the disturbancs of oxidstivs phogphorylation had been
well astuolished, in the cass of rat aplaan.

In conclusion, the zvidsncs which hes been collected
Indicatus that ths decreassd phosphorylation of spleon
mitochondria aftar total body irradiation is probably caused
by some block in ths oxidetion couplad phosphorylating
reactions, ths axact nature of which is asg yot little understood.
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SOME FACTORS CONTROLLING THE HAEMATOPOIETIC REGENERATION IN WHOLE-
BODY IRRADIATED RATS

E. H. BETZ.

Laboratoires d'Anatomie Pathologique, Unilversite de Liege

Many works in the field of Radioblology have shown that there
1s a closs relationship between the survival rate of whole-body
lrradlated animals and their ability to regenerate the destroyed
heematopoletic tissues.

During recent years it has been shown that different chemioals
are able to protect animals against n lathal dosa of X-rays. Whereas
animals submitted to a lethal whole-body irradiation do not show any
regeneration of their hasmatopoletic tlssues, there is an extensive
regeneration of bone marrow, spleen, lymph nodes and thymus in the
animals recelving a protective agent before ths lethal irradiation.
Quite simllar results havs besn desaribed in animals protected with

otassium cyanide (Betz), glutothlone (Cronkete et al.), thlourea
?Mole), cysteins (Lorenz). An identical stimulation of haematopolesis
1s observed in animals protected by splesn- or bone-marrow homogenates
injected after X irradlation (Jacobaon et al.; Lorenz et al,).

In former experlments, wa have shown that, in animals submltted
to a lethal dose of X-prays, thers is an inhibiltion of haematopolesis
which is independent of the tissular lesions themsslves. It 1s
possible, indeed, by grafting the spleen of an irradiated mouss %o a
normal ons to induce an extensive rageneration of mysloid and lymphoid

ues within the graft. Such & regeneration would never have taksn

ca 1f the splenic tissue had remained within the irradiated body
t11l death. From thess observations, we may conclude that the
rogoneration of the haematopoletic tissues depends not only on
tlssular lesions but also on ths humoral conditions within the body
where such tissues are living. These observations led us to
investlgats different factors which ocould possibly control the
haematopoletlc regensration of irradiatod rats.

The first factor we started to investigate was the influence of
the aedrenal cortex. It is wall known that whole-body irradiation
stimulates the actlvity of the adrenal cortex (Patt ot al.). The
lncreased protaction of adreno-cortical hormoncs could influence the
haematopoletlc regeneration; Barker and Ingle have observed indeed
an atrophy of bone marrow in rats treated with large doses of
cortlsone and A.C.T.H.

Influence of oortisone and dssoxycorticosterons agotate (D.C.A.)
on haematopoletlc regeneratlon after a sublothel dose Of X=-ravs.

These experiments are made in ordsr to ses whethar adrenocorti-
cal hormones are able to inhibit the haematopoietic regenaration,
after a sublethal irradiation (500r). The control rats irradiated
only have, indeed, sn extensive and early regeneration of thymus,
spleen, lynphnodss and bone marrow. The repalr of the destroyed
tlgsues starts on the fourth day after irradiation.

Daily Injeotion of 5 mg. of cortisons acotate to rats irradlated with
500r. doss not influence the regensration of spleen, lymph riodas or
bone marrow; the regenoration of the thymus only is inhibited by
such a dose of cortisone. On the contrary, the injeotion of 10 mg.
of oortlisone dally does block the regenerstion of splean, lymph nodos
and bone marrow as well as the repair of thymus. The histologioal
ploture of the haematopoletlc tilssueas of these rats 1s quite similar
to that observed in rats recelving a lethal irradiation of 80Cr.

The dally injectlon of 3 or 5 mg. of D.C.A. d0es not modify
the regeneration of haematopoletic tissues, ‘

Influence of adrenaleotomy on the haematopol %;éfre sneration.

 Adrenaleatom ats 1 &_sublatbal doge of X-rays
{500r,) show the sape haomat normal rats oo
Arrediated in the . f , _ e
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Adrenalectomized rats are very sensitive to a lethal dose of
X-rays (800r.) and dis befors any regoneration could possibly take
place. Theroforc, wo ussed adrenalactomized rats supplememted with
a dosa of DJC.A. (3 mg. dally) or cortisone (2.5 mg. daily) too small
to influsence any hasmatopoletic activity. The reslstance of thase
rats appsared to be normal. Although any possibllity of hypercorti-
cism was excluded, no hasmatopolietic rsgeneration has been observed
in thase rats,.

The rasults of thoss sxpsriments ars not conclusive. Should an
increased adrenocortical sscretion bs able to inhiblt the hasmato-
poletlic regensration, thsre 1s no doubt that the hypsroorticism
following a lethal whole-body radistion 18 not ths only factor involved |
In tho inhibition of hasmatopoissis. The adrenaloctomy does not
succsed, indoeod, in stimulating the hasmatopoletic regensration of
irradiated rats. Soms other factors must bs involved in the
regulation of this phenomonon. ’

Recently Selye has shown that somatotrophic hormone is abls to
counteract the catabollc effsct of protein which normally occurs after
a stress or an injsction of cortisonc. On anothsr hand, 1t 1s known
that the production and differentiatlon of blood cells is closely ?
related with the protein metabolism. Therefore, ws studled the effect
of somatotrophloc hormons on the haomatopoistie regsneration of
irradlated rats: Wo compared the results with those obtalned by using
other substancss such as testostdrons propionate and Vitamin Bl2 whose
effect on protein ansbolism 13 also well known.

Influence of somatotrophic hormons on the hesmatopoietic regensration I
CPYRGHT 3
Three zroups of rats are studled, all irrediated with a lethal

dose of X-rays (800r,). The first group 1s used as control., The
animals of the second group are irradiated and lnjectsd dally with

5 I.Us of growth hormono. The rats of the third group are adrenalec-
tomized before the irradiation; arfterwards they sre injected daily
with 2.5 mg. of cortisonz erd 5 I.U of growth hormone.

In the control group, all the snimals disd within the eleven days
following the irradlation, wlthout showlng any sign of hasmatopoietio
regenaration. Those rate irrsdiated and injected with growth hormone
behaved like the ocontrols: they died between the fourth and the tenth
days wlthout regeneration of their haematopoletic tissuss. On the
contrary the adrenalectomized rats injected with somatotrophlc hormone
proved moro resistant to a lethal dose of X-rays: about 25% of the
individuals of this group survived, showing an extensivo rageneration
of lymph nodcs, splesn and bone marrow.

Influence of toestostédrone proplonste and Vit.Bl2 on tha
haematopolatic regeneration.

The two substences used in thils experiment have the same aotion.
as growth hormone: thay ere qulte inactive when injected to normal
Irradlated rata, while they do, on tha contrary, stimulate the
haematopoletic regeneratlon of adrenalectomized animals; here again,

“about 20% of the Individuals survived to a laethal whols -body
irradiation.

From these sxparliments, we may concluds that substances stimu-
lating the anabollism of protoina are actlve in atimlating the
haematopoletic regeneratlon of irradiated rats provided they are given
to adrenalasctomized animals. They are quite inactive in normal rats.
These results 1ndicate that, as far as haematopoiesis is concerned,
there is an antagonistio effect of adrenal hormoneés and substances
like growth hormone, testosterone propionate and vitemin Bl2. It is
likely that suoch an,angafonism ls related to the sction of ths

- substances on the metaboliem of proteins.




6.

In whole-body irradiated rats, hypercorticism plays a rols in
the Increased catabollsm of proteins which is observed 1ln the animals,
Bstz and Jehotts have shown that a lethal dose of X-rays produces 1in
the rat a quick reduction of food intaks, a reduction of nitrogen
excretion, together with = negativation of the nitrogen balanca.

After five days, s secondary incroasc of the nltrogen excretion takss
place with a 9till morse marked negativation of the nitrogen balancs.
Adrenalectomy prevents the 8z2condary incrcsasse of nitrogen excrztion
although the nitrogen balance romains negative.

Our results confirm the rolationship betwaen the ragencration
of blood colls and the metabollsm of protelins. The dlsturbances of
this metabolism which follow a whole-body ‘irradiation aras poorly
understood. Besldes the hypsractivity of the adrsnal cortex, there
ara other unknown factors intsrfering with the nitrogen metabolism.

A better knowlodge of these factors would probably bec a great help in

the discovery of ths factors which control ths haematopolesis of the
irradiatod body.

The "Noew Moon snd Sixpence® Skin Tast in Radiobiological Studlas
B. Jolles,
Department of Redlotherapy, Goneral Hospital, Northampton.

A variation in techniqus in ths course of investigations on
%ﬁ§§§§%Ple substances, the raciprocsal vlcinity effect of irradistod

CH and the unirradiated nalghbourhood on the degres of radiation
roaction In which adjacent square areas separated by varyling widths

of normal skin (Jolles 1, 2, 3) wore used, lad to the development of

2 skin radiation test for screenlng of protector substances, tracing
the whersabouts of radioactive phosphorus 1injected intradermally,

the study of spreading factors and other radiobiologlcal investigations.

#hen a doss of X-rays 1s diven to clrcular arsas of varying
dlameters surroundsd along half of their cirocumference st & distance of
0+5-1:0 ¢ms by an 0.5-1-0 cm. wide "new moon' shaped strip the skin
reaction of the lower half of the clrcle, 1.e. not having in its

ing strip. The potentlation sffect
irradiated arsas, and the decrease of
od to a greater sxtent by normal tissues, ers not accounted by the
minimal variations in doss actually delivered to different parts of the
treated areas as measursd by Slevert chambers.

Quantitative date can be obtained from readings of the intensity
of reactlon at different sectors of the irradiated areas of skin by

flcation by Lovibond Tintometer Ltd., which enables
accurately ths hue, brightnsss and saturatlion of the erythema end plot
colour changes in a diagrammatic form without the need for visual

emory and vague dascriptions of rsadings on successive deys, or after
e perlod of time,

Boreening of "Protsotor' aubstances

A seriles of specimens of suba tances not i1dentified except for
their molar weight, and labelled 4 to G, wore obtained through the
kindness of Professor A. Haddow and Dry P. Alexander of ths Chester
Boatty Ressarch Institute. This series included substances which
have no proteetive mction as well as substances with moderate and
arked activity, One millilitre of 0.025M smolution of these
pubstances was injected intredsrmally Immediately after, and in
pnother séries immediately before, a dose of 1000-1500r, {80 kV.

O mA. Filtration inherent in tube shisld only, 25 cm. F.3.D.

{+Vele 1 mme Al.) was given to a cilreular and a orescent area on

he skin of rabbita. Only animals osn be used for thoso teates as
fome of the mrotective -agents, when injscted locslly, produce an
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inflammatory reaction and the injection on occeslon has to be rade
outslde the 1rradiated ares, Intradermal diffusion of the sgent being
ralied ujpon. This was the case, for example, of f~mercaptcasthylamin
(Becaptan, Labaz, Horlicks, Ltd.) which was found to be irritating and
causing superflclal ulceration at the site of injection. Yet 1%
showed its influence on the degree of radlation reaction at a distance
in the neighbouring Iirradiated circls.

Results of 40 experiments are glven in Table I. These wers
undertaken with the intent of testing the method and not of the
afflcacy of the chemical agents used. The agent in our seriss which
showed unmistakeble evidence of protective nction was found to
correspond on Dr. Alsxander's 1list to the substance (D) with very high
protective sction in total body irradistion when injected immedlately
before treatment.

Table I

Protective agent ¥ Protectlon protection

A. ﬁ-—mer‘oaptoaethylamin
B+ Glucoss
YRGHTFructese
+« Tryptamine hydrochlorids
« Glyclne
Thlourea
Urea
Synkavit

Hyaluronldase

identity of the substances A to G was learned after the serias
of experiments was concluded.

Colour photographs of skin reactions will be shown. Data re-
lating to experiments with injectlon of protector substances before
lrradiation will be given. The mechenism of dlspersal in the
congeotiva tissue meshwork of the injected fluids is briefly consid-
BYCde

The introduction of a #kin radlestion test for screening of
protector substeances obviates the diffiocultles connected with such s
process, l.8. study of mortality curves of animals expossd %o lethal
doses of radlation, laboratory benoh assays or of resorting to data
based on subjective symptoms of individuel patients. It would also
offer the advantage of higher local concentrations of substances to
be examined and a study of substances which may find an application

In our efforts to protect the skin from radiatlon damege.

Tracing Radlcactlve Phosphorus Injscted Intradermally

It is diffiocult, and sometimes impossible, to f£ind out by means
of directional counters the wherdabouts, and the coneentration, of
radloactive lsotopss introduced intradermally. Redicactive phos-
phorus or zino or gold oolloid is uged experimentslly for direct '
Infiltration of tumour masses as well as for intraperitoneal amd '
and ‘intrapleural applications. = The main r af tha
‘in gaﬁed‘ i:ctcpa should remsln in si L' onl taral
avids ‘ ‘
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irregular depositlon of perticles of the lsotope or its diffusion
along lines of least reslstancs within the tissue fremework is also
known. It is believed that the phosphorus ramalns in situ,
especlally when suspended in oil, but no direct proof has ever been
subritted. A simple method of mapping out on the skin the where-
abouts of the radiomctive phosphorus injected intradermally has

been devised. Tt consists in giving a doss of 400-800r to the skin
ovar the 1njected slte. It was found that the cumulative effect

of radistion due to X-rays, and radiation due to the radiocaoctive
isotope will produce a greater skin reaction over arsass whsra both
are prasent, than in those arsas where ¥-rays alone are tha reactlion-
producing agent. Simple erythema and desquamative reaction on the
skin often show the distribution of isotopes in & geographlical sense.
The circle and crescant lead applicator can be used for thils purposs
when the area to be X-rayed 1s large, thus reducing the axtent of
skin reactlone.
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EFFECT OF X-RAYS ON THE RESORPTION RATE CF INJACTED BICARBONATE

CPYRGHT G. Hevesy and A. Forrsborg
Institute of Radiophysics, Stockholm.

In this short communication we pressnt evidence for an X-ray
effect which ocours in mice, given a total body irradiationlzf 2000r,

immediately followsd by en intraperitonezl injectlon of NaH~=*C0z.
The mean life-time of the bulk of the clrculating bleoarbonate 1gns
in tha body of the mouse amounting to some minutes only, any ohange
in ths rate of resorption will roflect 1tself .in a correspondlng
change in the amount of 400~ axhaled already within a few minutes
or even seconds after the in%ection.

In a first set of expsrirents wa starged the collection of
exhaled carbondioxida about 10 min. after injection of the isotope
and followed this process for on2 hour. Yo asscartained that
1rradiated mics exhaled approximately 25 % more 14002 than controls
combined with a slight decrease (some 10 % )}.in the output of total
amount of COs. The enhanced exhalation of 1%CO, might be expected
to run paral%el with a smaller amount of residual 14C in the body
of irradiated anirmls. Analyses of controls and irradlated mice
showed, however, that the sctivity of the hormogenlzed and driled
tissue did not vary appreciably.

e only explanation left seemed to be that irradiated mlce
exhale 4002 at e markedly decreased rate for a very short period
immediately after the injectlon of_the bloarbonate, leaving thess
animals with an increased pool of 14¢ soms 10 - 80 min. afterwards.
Experiments to thst end, using a spsclal devige for collaction of
COp immediately upon the injectlon of H 1400z, showed that in the
first 4 min of the exper%mant during which a very apprecleble per-
centaﬁa of the in;ectad 400, 1s axhaled, the controls glve off

ore 14¢0, (45 % ) than the Irradilated animals { 29 % ), and more
400, beifg preserved in the exposed animals they glve off more l4cop
in tﬁa later stage of the experimant. The sctivity expired during
the firat minute, inocluding the 8 sec taken for the injectlon in
thess experiments, was found to be only 43 % of that of the control.
This indicates that the X-ray effeot on the process of resorptlion
- of the bicarbonate and ths intrusion of COp into the alveolar apace

“ is very marked. S G e » SR SEREI
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The slower exhalation of 14¢0, by the exposed animals shortly
after injection of the labellad bloSrbonate could be due to a de-
pressed resorptlon or/and a clroulation disturbancse. To investigate
how far ths latter i1s the case we injected labelled bicarbonate 1into
the tail vein of both control and irradisted mice and collected the
exhalatory COs in 2 min intervals starting immediately after
injection. o conspicuous differences could bs noticed in the amount
of 1400, exhaled from irr-diated and controls. The dspressed
oxhalation of 14co, by the expossed mouss3 has likely been due to a
decreased resorptifn rate of the injscted bicarbonate and not to
circulation disturbancas.

Rasorption 1s presumably medinted through hormonal action.
This 1line of thought induczd us to investigate the effect of the
administration of various horriones. It appsared that an injection
of ACTH effected the exhalation of 1400, in an opposite way than
the irradiation, giving en incrsased ou@put of some 30% in the
first minutes. ¥hen irradiating the mice after an LCTH-administra-
tion 1t appsars thet this combined treatment cancelled the dif fsrence
batwasen treated and control milce. It may be consldersd, whe ther the
diminishsd resorption rate observed 1n the exposed mouse 1s due to
a blooking effect of the irradiation on ACTH formation. The
biologlcal half-1ifs of tho injected ACTH 1g about 5 min and the
half-1life of the ACTH secrotad into the clirculation mey have &
gimilar value. Blocking of ACTH formatlon through lrradiation
would correspondingly soon manifast 1tself. .

CPYRGHT

Motabolisme de la cystéamine

W.G. Verly, G. Koch, et S. Grégoire.

(Universite ds Lidgs; laboratoires de Pathologle Générale
et de Blochimls).

, Des souris ont regu 3 mg de 355-cystéamlna par injsction dans
le peritolne. 40 minutes plus tard, on rstrouve 50 % de 1la
radioactivitd injectde sons forme de cystésmine-cystamine dans
1'organisme. 24 heures plus tard, on retrouve dans lss tlssus 34 %
du 8°% administré, mals 2 % sculement s'y trouvent encors sous
forme ds cystbamine-cystemine.

, Un chien de 7 k geqoit dans la veino fémorals 104 mg do 855-
cysteamino. 16 % du %3 injecté sont excrétéds en 8 heures: la plus
grande partle sous forme de sulfates, 4 % sous forme de cystédamine-
oystamine, un peu sous forme de taurine. Sulfates, cystéamine-
cystemine et taurine ne rendent pas comptg de la totalité de
1'gctivitd urinaire; 11 existe d'autroes mé tabolites marqués qui
ntont pas encore &t identifiés.

AL S L ! E
thorlum administration

Charles Johansen,
Tinsen Laboratory, The Flnsen Institute, Copenhagen.

The most important hilstologlcal changes which are obaerved in
. blopsy material from 8 persons and autopsiss from 6 cases are dis-
cussoed. These are comparsd with similar material from rabblits who
were invastigated at different intervals after intravenous
administration of colloidal thorium dioxide. In addition ia des-
oribed a disseminated metastasing andothsliosarcoma which 1is
produced in the injected rabbits. -
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Incorporation du 014 dans le glvycogbne du Fols aprds Irradiation.
Mme M.Lourau Pitres.

(Institut de Blologile Physico-Chimiqus et Laborstoire Pastoeur de
1'Institut du Radium, Paris.)

Des donndes analytiques montpent qu'on trouve plus de glycogdne
dans lse Fole des animaux irradids que dans le Fole de témoins jJeunant
depuis ls m8me temps. (I). OCo fait peut Btre interprété de deux
maniéres. On peut penser ou blsn que l'exposition aux rayons
diminue 1l'utilisation des glucides, ou au econtrairs Qu'ells asccélbdre

leur mise on réserve sous forme de glycogense.

Ce probldme a &te abordé dans ce ftravall en marquant 1le
glycogens in vivo au moyen de mdtabolites contenant du ¢l4 et en
gulvant les varlations de son activité spéeifique.

Los expériences qui ont été rdalisées Jusqu'a ae Jour peuvent
8tre divisdss &n deux groupes :

, I© Dans les expérieeoes appartenant au premier groups, 1le
metabolite contenant le G 4Aest du glucose et 1l ast injecte lors-
que les animaux viennent 4'dtre irradibs, Co sont des expdriences
de courte durép: ellei gont dsstindes & sulvrs 1'incorporation
dans le glycogene du gl4 contenu dang le glucose ¢irculant., Elleg
montrent que chez les animaux irradiés& ltactivite specifique croit
CFRéggﬁﬁgte et atteint des valsurs plus elevées que chez les animaux

t . L'analyse des figures suggera que l1l'irradiation aglt
surtout sur la synthbse du glycogene (2).

. 29 Les expériences du degziéme groupe sont de plus longuse durée,
Le métabolite quil fournit le o] est du blcarbonate, st 1l est injaoté
plusieurs heures ou méme plusisurs jours avant gws les animaux solent

3xposés aux rayons.

Ces_expérisnces mettent & Rrofit la remerque suivante: lorsque
le glycggéne 63t marqué par du ¢lé provenant du blgarbonate son
actlvité spéeifique ne dberoit pas dtune manibre réguliere. Zlle
subit d'abord une chi tg repids, puis remonte et présentg un deuxidme
max Lmim suffisamgnt 81léve et surtout sufflsament éloigne du moment de
1'injeotion (30'a 40 heures) pour qu'on pulsse l'utiliser pour suivre
1e turn over du glycogéne ou sa synthbse & partir de moléqules
merquées préexistantes alors que les animaux sont revenus B dos
conditions physiologlques normales.

Ces expériences confirment les sremidres: 6llss montrent que

1'irradiation agit sur la gynthdse du glycogdne ot non sur sa
vitesse de renouvellement. S
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THE MODIFICATION OF THS RADIATION RuSPONSE BY SHIZIDING PROCEDURAS

Dr. L.F. Lamerton; Physios Dept. Royal Cancer Hospital
Iondon, S.W.3.

It has been shown that head srieldlng or hind-leg shielding of
a rat during radiatlion exposurs will modify considerably the response
of the animal (Lamerton L.F., @lson L.&i. and Christensen w.,R: Brit.
Journ. Rad., 26, 510, Oct. 1953; Lamerton L.F., #1lson L.A. and
Torriss F.B: DBrit. Journ. Rad., 26, 568, Nov. 1953). The anaemla
developing some days after Trradietion 18 much less sSevere in the
canse of the shlelded enimals than in those given whole body
irradlation. Two factors which are undoubtedly of considerable
inportancs in the devslopment of the anaomia are {(a) the platelet
rfall following irradiation, and (b) the capacity of the animal for
compensatory erythropoissis. Platelst counts have been made in
ths case of whols body irradiated and shislded animals sand 1t has
bean shown that shielding of the heed or hind leg will substantlally
reduce the extent of ths platelet fall, The capaclty of the animal
for erythropolesis following irradiation has pbeen investigated
using techniques involving radloactive iron and it appears that
heightened erythropoletlc gctivity 1s by no means confined to ths
shieldsed 1imb, but that ths spleen of the animal plays an important

part.

CPYRG@HEFwunication to the Symposium of Radioblology in Liegs, August 1954
Hit-theorotlcel analysis of carcinogenesis by ultra-violst rediation
Niels Arley
agsoclate professor of physilcs Unlvorsity of Copenhagen, Denmark

a
Norweglan Radium Hospital, 0slo, Norway

Experimental findings show saveral striking simllarlties bs tween
spontaneous end {nduced mutetions on the one hand and spontanious

and induced carcinogsnesis on the other. Thus tumours may bs classi-
fled, as a ruls, in disorete and rathior wsll gseparated typss both as
regards morphologlo and nistologlc featur3zs and as rogards thy growth
rate. Next, thess properties seocm, 8s & rule, to be the same
independent of whether the tumour 1s spontaneous or induced and, in
the latter oase, independant of the quality and quantity of the agent
as well as of the time at whilch the turiour appears, early or late
during extended exposurs3 to a carcinogenic agent.

One of the ourrent theories &s to the mechanisn of carcino-
genasis is, thereforse, that this phenomencn lsg a consequencse of a
somatlc mutation 1. Thus ths present experimental findlngs
indleoate that both mutatlons and carcinogenesis may be thought of
as being the results of molecular changas in certaln cellular
units, these changes occcurring spontansously due - to thermasl fluoc-
tuations, internal chemical agents or cosmic rays, or being inducad
by external agents, directly or indirectly €.g. via an intermediate
radioal mechanism, Perhaps in both oasgeas these cellular unilts or
control centres, gontrolling the phenomena in question, ars the
gane 8 ‘ B

. From the hypothesis that garcinoganesls is a oonsequencs of
certain molecular changes in certsin calluler units, and assuming
tentativaly for simplioclty thot (a) the motion of the sarcinoganio
agents 1z a direct hit on these osllular units, and {b)_that ons such
callular unit belng hit is suffiplent to ‘stdrt e LHumour®, we have: in
a saries of papers® workad out theoreticslly the quentitative

consequences aend oompared thede predictions with oxperiments using:

as carcinogens chemical agents tn the form of hydrocarbons, viruses,

 and ultra-viclet radlatlon. ) ttar tase the experiments

: £ the moat detalled oomparis oh will be 1llusgtrated in
alides qur the regding of s pagér. The agreement

oW 0
numbe
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between the thsory in its tentatlive form and the exporiments 1s
satisfactory, but indicate that in any case with ultra-violet light
as carcinogenic agent ths action may be an indirect one, presumably
via a radical mechanisem. Further experiments, investigating 6.g.
& possible oxygen effect on carcinogenesls, ars therefore highly
desirable to elucidate ths machanism of carcinogenesis.

1)} Cfe0ege p. 444 £f in "Symposium on Radloblology" ed. by J.J.
Niokson, John Wiley and Sons, Nsw York 1952.
2) c¢f. loc.clt. p.242 ff,

3) "On tha meochanism of expsrimental carcinogenosis™, Acta Path., et
Microbiol.Scand. :
I Iversen and Arlsy (general theory) vol.XXVII pPs773, 1950
11 Engelbreth-Holm and Iversen: The effsct of different concentra-
tions of 9, lo-dimethyl-1l,2-benzanthracens on skln-carcinogsenosis
in mice. wvol.XXIX, p.77, 1951
III Arley and Iversen: Further development of ths hit thsory of
carclnogenssls. vol. XXX, p.21, 1952
IV Ivorsen and &dslstsin: Ths sarly mitotic affeot of 9,lo-dimethyl-
1,2-banzanthracene snd of 1,2,5,6-dibenzanthracene on epidermal
cells of ths mouse ear. vol.XXY, p.213, 1952,
V. Iversen and Arley: Application of ths hit theory to virus-
induced tumours. vol. XXXI, p.27, 1952
cf. also Arlsy and Iversan: Application of the quentum hit
theory to virus-provoked tumours. NATURE vol.1l69, p.410, 1952
VI Arley and Iversen: H1t theoretical interpr-tation of some
axperimenta of Berenblum snd Shubik. vol. XXXI, p.164, 1952
CPYRGHT Iversen end Engelbrasth-Holm and Noring: On the effect of
sroton oil on skin previously painted. vol. XX{II, p.218, 1952
VIIT Ringstad: The growth of M11l1-Hill ondothelioma in chicks
treated with aminoptarin. vol. XXXIII, p.44, 1953
IX Arley and Ivsrsen: fipplioation of the hit theory to tumours
produced by ultraviolst radistion. vol. XXXIII, p.133, 1953
¢fe also Ivarsen and Arlay: Application of the quantum hit
theory to tumours induced by ultraviolet radistion. NLTURE
vol., 171, p.257, 1953
X Engelbreth-Holm end Jensen: The influencs of ags and o. growth
hormone on skin carcinogsnesis in mice. vol. XXXIII, p.257,1953

Summary of QObservationa mads on the Human Raaponsé
to a 8ingle Doss of X-rays

WM. Court Brown
John D. Abbatt
Since 1950 the constitutional disturbencs produced by a singls
doss of X-rays has been studied in 150 patlients, These lnvestiga-
tions have sg far as possibls been carrled out under scontrolled
conditlons, though only patients in ¢ood gensral health and thoss
willing to oo-oparate have besn studliad.

Human investigations of this‘tgpe=gre limited by ethical and
therapeutio considerations in respec of the dose of X-rays that oan
ba given and the volume of tissue that can be irradiated. Within
these 1limits standardised studies haw been made on the effects of
middls voltage X-irradistion of the pelvis, whols bdomen, whole .
langth of splne, wpper half of the trunk an -8 _limited ettent of
the whole body. = D N o ;

The meln lines pf ,
devalopment of the i i1 tome,
changes inthe periphsrs . 00N
| and renal o%ion,
irradlated
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Body Size and Dose Relatiomship to the Initlal nggtomatic Disturbanass
of Radiation Sickness.

After the administration of = lsrge enough X-ray dose to alther
the whole body or to an adaquate volume of the trunk, there is an
asymptomatic or “"latent" perlod terminated by the sudden onset of
symptoms and signs of radiation siokness. Thesa are naussa, head-
gche, fatigue and often vomlting. The latent perlod from the
cormencement of irrsdiation to the onset of symptoms has besn shown
to be dependent on ths adminlstered radiation dose 1in roentgens, the
body size, and a partlocular property of the slte irradisted, the
anatomical site sensitivity. The latent period 1s not, however,
dependant on whole body integral dose.

There 1s, for any given slte 1rradiatad, & lineer relationshlp
be tween the response mstameter - in this gase latent period - and the
log dose per unit of bedy size. This relationship strongly suggests
that the time of onset, duration and severity of the initial dlstur-
bance are largely determined by the release of a diffusible substance
in the irradiated volume with subsequent dilution throughout ona or
more of the fluid compartments of ths whole body; symptoms then
occur if and when a particular threshold 1s reached. In other
words we appear to be dealing, at least In part, with a typical

harmacological dose-response relationship.
CPYRéhT
Peripheral Blood Count Responss

Jualitatively the changes in the blood count are similar to
thosa noted after single whole body exposures in animals, although
the doses usad are not great enough to producs clinical anaemla.

A neutrophil lsucocytosls acoompcnies the onset of symptoms and
nay prscede 1t. The maturity of the neutrophils suggzests that the
cells are mobilisad from vascnlar channels opened up as a result of
irradiation. The changes in white count at this time are not
characteristic of those induced by ACTH, epinaphrine or histamine.

in a group of casag glven ipradiation to the whole length of the
spina, a mean doss of the order of 200r has bsen dellvered to the
" spinal bone marrow. Subsequently this group has shown a signiflcant
fall in the lymphooyte count from the first post-irradlation day,
becoming maximal about the seventh day, a significant fall in the
white cell count from the second post-irradiation day, but no signifl-
cant fall in the neutrophil count untlil ths fifth day. .

In a high proportion of cases the venous hasmatocrit falls from
the first, second or third post-irradiation days. It 1s likely that
at such an early stage this fall 1s due elther to a change in plasma
volume, consegqusnt upon a redistribution of intra-celluler and extra-
osllular fluid, or to lnoreased red cell heoemolysis.

Bleotrolyte Exoretion and Renal Funogtlon

The onset of symptoms 18 usually assoclated with changes 1ln the
exoretion of electrolytes. There ls an increased exorstion of
sodium ion, the increase being mainly covered by inoreases in the
exoretion of phosphate and chlorlde lons. Although some lnorease
may oocur in the glomerular filtration rate as determined by changes
in creatinine olsarance, this 1is inmfricient to explaln the change
in sodium exoretlion. Within the limlts of ervors of estimation,
the plasmae scdium and inorganic phos

phorus levels do not appear %o
change, snd oalculetlons of the tubular rojeation fRotor for these
1ons suggests that there 1s intsrfprenge with their bagk trangport
through the cells of the proximal“renal‘tubulea,‘1?It,igﬂﬂigffﬁult&
how ‘ Tabh twoe nges whioh gay ' to the

; oha
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Adrenal Function

Tasts of adrsnal function have so far failed %o demonstrats any
aisturbance at the time of or prior to the devslopment of radiation
sioknesas. These tests include sstimations of 17-ketosterold

" axoretion, the plasma compound F level and ths absolute eosinophll
count .

Ths Vascular Response in Irradlated Tissue

The rate of clearance of 1ntra-dermally injected radiosodium
has been used to investigate the effect of irradietion on the
vascularity of irradlated skin and presumably of the vascularlty of
tigsues within the irrmdiated volume. Increasss in the radliosodium
nalf clearance time after intra-dermal injsctlon have been found
with X-ray doses In excess of 500r. These changes appear within
1% to 2 hours of irradlation end may be maximal prior to the
appearance of a visible erythema . Further investigatlons are
being undertaksn to determine the relationship of these ahanges to
radiation sickness and to changes in the neutrophil count already
described or ocourring towards the end of the latent perlod.

Conclusion

Whatever the mechanism of the ohenges observed and the clinical"
dlsturbance produced, the clear relationship botween response,
Cp\¢m§ﬂqurad 28 latent period, snd log doss per unit of body slze, pro-

vides a reproducible blologlcal systor. This system ls moreover a
convenient means of asssssing the efficlency of elther protectlve or
therepsutic agents by establlshed pharmacologlcal methods of bio-
assay on man himself.

Rolative blologilocal efficiency of fast naubrons and gamma radiation
for chronic irradistion of mica.

by R.H. Mole., R.J. Munson and G.J. Neary.

A graphlte pile at AE.R.E. Harwoll has besn used for dally
1ppadlation of mice with fe8t neutrons substantially free from
gamma radlation. Starilisation of male and of femals mice and a
roduction in the welight of the tastls have provided sensitive
indicators of radiatlon damaga. Dosa-rasponss curves for fast
neutrons and Cobalt gamma radlation have been found to be very
similar: thers has besn no evidence so far of any qualitative
diffaorsnca. Relative biologilcal efficiesncy factors lay between
%3 and 8 for exposures ranging from twentyfour hours to five months:
there are definite difforences between differsnt strains of mousa.
An experiment to determine the r.b.8. for lethal affsots of low
daily irradiation has been startsd but no results are yet avallable.




